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Appendix J (Part 4)

Derivation of Chemical Specific

Volatilization Factors
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Appendix J (Part 5)

Comparison and Selection of

Soil Screening Levels

for Soil Media
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Appendix J (Part 6)

Dermal Surface Area and Adherence Factor

Derivations For Exposure Assessment
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APPENDIX J (PART 6}
DERMAL DERIVATIONS FOR EXPOSURE ASSESSMENT

CROSSLEY FARM SITE, PENNSYLVANIA
NOTE: BOLDED VALUES WERE SELECTED FOR USE IN THE TABLE 4'S

AGE
1-Z
2-3
3-4
4-6
s-«
e-T
7-8
8-9
>-10
10-11
11-12
12-13
13-14
14-18
1H8
1*-17
17-18

i inrough » yr
7 utrougn 17 yr

Mile
Body

Wt.(1)kg
11 8
136
157
17.6
1B.B
23.0
25.1
23.2
31.1
364
40.3
44.2
49.9
57.1
61.0
67 1
667

Female
Body

Wt. (1)kg
108
130
149
170
196
22 1
247
279
31 9
361 ,
41 8
464
509
54.8
55.1
581
596

Avg.
Body
WLko

16.6
46.2

Mil*
SA

(1) cm1
—
6030
6640
7310
7930
8660
0360
10000
10700
11BOO
12300
13400
14700
16100
17000
17600
18000

Famala
SA

(11cm1
—
5790
6490
7060
7790
8430
B170
10000
10000
11700
13000
14000
14BOO
15500
15700
16000
1B300

Avg.
SA

(1) cm1

n\i
13533

% Totll SA
Face
(2)
3.7
35
34
29
2.9
3.B
3.8
3.8
3.8
3.3
3.3
2.3
2.3
2.3
21
2.1
2.1
3 367
2.836

% Totll SA
Forearm*
(1.2)'
57B25
5.6025
62325
6.0975
6.0975
60525
6.0525
6.0525
5.8725
5.B5
6.165
6 51375
6 15375
6 15375
6.1875
6 1875
7.1775
& 97B
6215

% ToUl SA
Hinds
(1.2)
589
5 15
sees
56
5.6
4.955
4.955
4.955
525
5.3
5345
5.295
5 155
5 155
5.365
5365
509
S 613
5.203

% ToUl SA
Lower Legt
(1.2)"
904
92
10.26
10.58
1058
10.98
10.98
1098
11 3
11 64
12

12.02
1232
1232
12.7
127
12.14
10 ID/

11 918

% ToUl SA
Feet
(1.2)
6885
6.885
7.305
7.445
7.445
725
7.25
7.25
759
779
7.515
7.59
8085
8085
7165
7165
7.34
7 203
7530

ACE
Adult Male

Adult Female
Average Adult

Mile
Body

Wt-IDhfl

F*m*le
Body

Wt.(1)kg

Avg.
Body
Wt. kg

Mile
SA

(l)cm'

Fsmale
SA

(l)em'

Avg.
SA

(Dem1""
19400
16900
18150

SA
Face
Cm'-
429
366.3
3B765

SA
Forearms
cm'
1310
1035
1172.&

SA
Hindi
cm*
990
817
903.5

SA
Lower Legi

cm1
2560
2180
2370

SA
Feet
cm*
1310
1140
122&

I ADHERENCE FACTORS (1) - SOIL
Face Forearm* Hindi Lower Legi

Residential Child (Daycare Kld»)
Recreational Child (Diycira Kid* No. 1 • ind b)

Recreational Youth (Soccer Kid* No. 1)
Residential Adult (Gardener* No. 2)

Recreational Adult (Soccer KMs No. 2 and 3)
Industrial Worker (Utility Workers No. 1 snd 2)

ConMructlon Worker

0.02

[ ADHERENCE FACTORS (1| - SEDIMENT
Face Foreirm* Hinds Lowsr Legi

Residential Child (Rsed Gatherer*) RA~'
Recreational Child (Read Gatherer*) NA
Recreational Youth (Rsed Gatherer*) NA
Residential Adutt (Rsed Gatherer*) NA

Recreitlonil Adult (Reed Gatherer*) __ NA
Industrial Worker NE

CoMtnictlon Worker RT

I SURFACEAREA' ADHERENCE FACTOR (1)-SOIL )
Face Forearms Hands Lower Lsgs Fset SUM

Rssldsntial Child
Recreational Child
Recreational Youth
Residential Adutt

Recreational Adutt
Industrial Worker

Construction Worker

NA
NA
4.61
1869
5.57
39.77
11.53

9.9Z
12.50
9.25
63.32
4.69
293.13
11491

36.59
5170
77,45
162.63
24.39
266.53
21684

14.58
i9.ee
5000
52.14
26.07
NA
NA

33.77
54.55
NA
NA
NA
NA
NA

IB
138
141
217
81
699
343

NA
NA
NA
NA
NA
NE
NE

15.52
15.52
30.28
42.21
4221
NE
NE

26247
26247
464.70
596.31
see 31
NE
NE

116.64
116.64
258.07
379.20
379.20
NE
NE

327.30
327.30
641.96
77175
771.75
NE
NE

722
722
1396
1780
1789
NA
NA

SURFACE AREA T ADHERENCE FACTOR <1) • SEDIMENT
_____ Foresrm* "Hand* Lower Lege

Residential Child
Recreational Child
Recreational Youth
Residential Adutt

Recreational Adutt
tfldustrislWorksr

Construction Worker

SURFACE AREA • SURFACE WATEK • SWIMMING/BATHING
____ Lower Leg* Feet Whole Body

Residential Child
Recreational Child
Recreational Youtfi
Residential Adult

Recreational Adutt
Industrial Worker

Construction Worker

SURFACE AREA - SURF AC b WATER • WADING
______ Lower Leg*

Residential Child
Recreational Child
Recreational Youth
Residential Adult

Recreational Adutt
industrial Worker

Construction Worker

>»
NE
NE
NE
NE
NE
NE

>»
NE
NE
NE
NE
NE
1173

»>
NE
NE
NE
NE
•04
•04

>»
NE
NE
NE
NE
NE
NE

>»
NE
NE
NE
NE
NE
NE

721 3™"
7Z13-"

13533"—
18180""*
181M""1

242.84
242.84
303.65
NA
NA
NE
NA

431.16
431.16
841.10
1172.60
1172.50
1172.50
NA

397.ee
397.68
704.09
903.60
903.50
90350
NA

728.99
72B»
1612.91
2370.00
2370.00
NE
NA

519.52
519.52
1018.99
1225.00
122500
NE
NA

2320
2320
4»1
MT1
6871
2076
NA

«* W i v/ v
RR30I325



APPENDIX J (PART 6 - Continued)

(1) EPA, 1997. Exposure Factors Handbook. Update to Exposure Factors Handbook.
EPA/600/8-89/043 - May 1989. Office of Research and Development.

(2) EPA, 1985. Development of Statistical Distributions or Ranges of Standard Factors Used in
Exposure Assessments. EPA/600/8-85/010. Office of Research and Development.
Table 3-3. Percent of Total Body Surface Areas or Parts by Sex and Age of Japanese
Students.

Note = (1,2) Percent Surface Area is an Average of EPA (1997) and EPA (1985) values;
Construction worker assumed to wear long pants

*= Forearms for children are estimated from the assumption that the ratio of forearm to arm in a
child is the same as the ratio in an adult (Approx = 45%; EPA, 1997).

** = Lower Legs for children are estimated from the assumption that the ratio of lower leg to leg in
a child is the same as the ratio in an adult (Approx = 40%; EPA, 1997).

*** = Assumed to be 33% of head.
**** = Used for Groundwater Exposure
****'= Used for Swimming Exposure
****** - Used for wading Exposure.
NA = Not Applicable
NE = No Exposure

Derivation of body part specific surface area (SA):

For Children and Youths:

Multiplying the Avg. SA, %Total SA for a specific body part, adherence factor for a
specific body part in the appropriate medium, and a factor of 0.01 yields the surface area
for a specific body part.

Summing up the surface areas for the body parts of a specific receptor yields the total
surface area for that receptor.

For Adults:

Multiplying the SA for a specific body part by the adherence factor for a specific body part
in the appropriate medium yields the surface area.

Summing up the surface areas for the body parts of a specific receptor yields the total
surface area for that receptor.
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Dermal Absorption Factor for COPCs

in Soil Media
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APPENDIX J (PART 7]

DERMAL ABSORPTION FACTOR FOR COPCs IN SOIL

CROSSLEY FARM SITE, PENNSYLVANIA

Chemical

of Potential

Concern

Alum mum

Arsenic

3arium

Beryllium

Chromium

Copper

Cyanide

ron

.ead
Manganese

Mercury (Mercuric Chlonde|
Mercury (Melhyl)

rhalhurn

Vanadium

Zinc

ft/odor- 1260

}enz(a)anthracene

Senzo(a)pyrene

ienzo( b )ftuoranthene

Jenzo( k )f luoranlhens

Carbazole

Chrysene

>i-n-butylphthalale

) ibenz ( a , h )anthracen e

ndeno(1,2,3-cd|pyrene

1 , 1 ,2-Tnchioroethane

, 1 -Dichloroelherte

1 ,2-Dichloroetnane

1 ,2-Dicnloroethene (Total)

1 ,2-Dichloroethene (CiS)

2-Butanone

Acetone
iervzene

Carbon Disultide

Carbon Tetrachtoride
Ihloroform

Chlorom ethane

relracnloroetherve

oluene

nchtoroflthene

richlorofluofomethane

Dermal

Absorption

Factor (or Soil

001

0.032

001

001

001

001

001

0.01

N/A

001

001

005

0.01

001

001

01

0 1

01

0 1

01

01

01

0 1

0 1

0 1

003

00005

003

00005

00005

0.03

0.0005

00005

00005

00005

00005

00005

003

003

003

00005

Refer to EPA (1989, Appendix A) for an explanation of dermal absorption adjustment factors

Refer to EPA (1995) for chemical specific dermal absorption factors

Cros_Dermal Absorption Factor For Soil.xls 5/3/01
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Appendix J (Part 8)

Chemical Specific Parameters for Area Groundwater and
Surface Water Media
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Appendix J (Part 9)

Biotransfer and Bioconcentration Factors for COPCs
Agricultural (Milk) Scenario

AR30I33I



O

CD

gtt<z
LU
O
CO

0

Z >-
2 3
5 co

o
zooo
m
Q
Z

ct:
LUu.
CO

1
o
m

WsWfe

M!
P

S
B3UF3
IBs

IS
1aisaaSPS?
fi

iiK 1
[1

£ O3 tt

its 9

I im

i
i«iCQg

tt
•

II
HB
Mm
foanmJJM

te&& li
M

su

SH
PPBO

iGO!n
H

I

DHfl
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APPENDIX J (PART 10) RAGS D LEAD WORKSHEET 1
Site Name: Crossley Farm Site

Receptor: Current Residential Child (Age 0 to 84 Months) Exposure
Test Pit Soil and Groundwater Exposure Pathway

I. Lead Screening Questions

Medium

Test Pit Soil

Groundwater

Lead
Concentration
Used for
Screening

Value

370

44.1

Units

tug/kg

ug/L

Basis for Lead
Concentration
Used For
Screening

Maximum
Detected Value

Maximum
Detected Value

Lead Screening
Level

Value

400

15

Units

mg/kg

ug/L

Basis for Lead
Screening Level

Recommended
Residential Soil Action
Level.
Maximum Contaminant
Level (MCL)

2. Lead Model Questions

Question

Was a lead model used? (If "no" explain rationale)

Which lead model and what version/date was used?

Where are the input values located in the risk assessment
report?

Where are the output values located in the risk assessment
report?

Was the model run using default values only?

If non-default values were used, where are the rationale for
the values located in the risk assessment report?

Response for Residential Lead Model

Yes.

1EUBK Lead Model Version 0.99 (1984).

Located in Appendix K Part 3 (RAGs D 3.1) for
groundwater; Part 2 (RAGs D 2.4) for test pit
soil.

Located in Appendix J (Part 10).

No The site-specific drinking water
concentration, 9.62 ug/L, and site-specific test pit
soil concentration, 109 mg/kg, (representing the
Mean of normal data) were used as an input into
the lead model.

Rationale is located in Appendix K Part 3 (RAGs
D 3 . 1 ) for groundwater; Part 2 (RAGs D 2.4) for
test pit soil.

3. Final Result

Medium

Test Pit Soil
and
Groundwater

Result

Input value of 9.62 ug/L and 109 mg/kg
results in 0.65% of residential children
above a blood lead level of 10 ug/dl.
Geometric mean = 3.2 ug/dL.

Comment

None.

AR30I333



LEAD MODEL Version 0.99d

AIR CONCENTRATION: 0.100 ug Pb/m3 DEFAULT
Indoor AIR Pb Cone: 30.0 percent of outdoor.
Other AIR Parameters:

Age Time Outdoors (hr) Vent. Rate (m3/day) Lung Abs. (%}
0-1 1.0 2.0 32 .0
1-2 2.0 3.0 32.0
2-3 3.0 5.0 32.0
3-4 4.0 5.0 32 . 0
4-5 4.0 5.0 32 .0
5-6 4.0 7.0 32 .0
6-7 4.0 7.0 32 .0

DIET: DEFAULT

DRINKING WATER Cone: 9.62 ug Pb/L
WATER Consumption: DEFAULT

SOIL & DUST:
Soil: constant cone.
Dust: constant cone.

Age Soil (ug Pb/g) House Dust {ug Pb/g)
0-1 109.0 109.0
1-2 109.0 109.0
2-3 109.0 109.0
3-4 109.0 109.0
4-5 109.0 109.0
5-6 109.0 109.0
6-7 109.0 109.0

Additional Dust Sources: None DEFAULT

PAINT Intake: 0.00 ug Pb/day DEFAULT

MATERNAL CONTRIBUTION: Infant Model
Maternal Blood Cone: 2.50 ug Pb/dL

CALCULATED BLOOD Pb and Pb UPTAKES:

Blood Level Total Uptake Soil+Dust Uptake
YEAR (ug/dL) (ug/day) (ug/day)

0.5-1
1-2
2-3
3-4
4-5
5-6
6-7

3.3 6.09 2.59
3.7 9.01 4.08
3.5 9.53 4.11
3.4 .9.56 4.16
3.0 8.58 3.12
2.7 8.63 2.82
2.5 8.86 2.67

Diet Uptake Water Uptake Paint Uptake Air Uptake
YEAR (ug/day) (ug/day) (ug/day) (ug/day)

5-1: 2.58 0.90 0.00 0.02
1-2 : 2 .67 2.22 0.00 0.03
2-3 : 3 .02 2.33 0.00 0.06
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3-4: 2.94 2.40 0.00 0.07
4-5: 2.87 2.52 0.00 0.07
5-6: 3.04 2.68 0.00 0.09
6-7: 3.37 2.73 0.00 0.09
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Appendix J (Part 10)

IEUBK Lead Modeling Results

AR30I337



Appendix J (Part 11)

Example Calculations
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APPENDIX J (PART 11)

RISK ASSESSMENT EXAMPLE CALCULATIONS

The example calculations listed in this appendix are presented in order to verify the approaches
taken and calculations used to estimate risks and inhalation soil screening levels (SSLs) at
Crossley Farm Site. The example calculations for risks are all based on RME exposure.
Examples are shown for representative receptors for area groundwater (center of plume), test pit
soil, sediment, surface water, ingestion of home-produced milk, and ingestion of animal tissue
from recreationally caught fish. CTE risks are not shown here, however, they would be estimated
following the same equations using CTE, rather than RME, input parameters from the Table 4s
(Appendix K - Part 4). Examples are also shown for carcinogenic and noncarcinogenic inhalation
SSLs for the soil media.

Area Groundwater (Center of Plume) Exposure

Three potential exposure routes are associated with direct exposure to area groundwater (Center
of Plume) at Crossley Farm Site. These exposure routes are ingestion, dermal absorption, and
inhalation of vapors during showering.

Ingestion of Groundwater (Center of Plume):

Ingestion of tetrachforoethene (PCE) in area groundwater (Center of Plume) at Crossley Farm Site for a
future adult industrial worker under an RME scenario was evaluated using the following equation (EPA,
1989a):

. „ , , , , ,lngestionuose(mg I kg • day) =

Where:

BWxAT

Carc-lngestion Dose = 7.83E-3 = Carcinogenic Ingestion Exposure Dose (mg/kg-day)
Noncarc-lngestion Dose = 2.19E-2 = Noncarcinogenic Ingestion Exposure Dose (mg/kg-day)

CW = 1600 ug/L = PCE concentration in area groundwater
IRow = 14 L/day = Ingestion Rate
Fl = 1 .0 = Fraction Ingested from this contaminated source
EF = 250 days/yr = Exposure Frequency
ED = 25 yrs = Exposure Duration
CF1 = 1 mg/103 ug = Conversion Factor
BW = 70 kg = Body Weight
ATC = 25550 days = Averaging Time for Carcinogens (365 d/yr x 70 yrs)
ATM = 9125 days = Averaging Time for Noncarcinogens (365 d/yr x 25 yrs)

The RME cancer risk for a future adult industrial worker from ingestion of PCE in area groundwater
(Center of Plume) at Crossley Farm Site is estimated as follows:

APPJ(Pll)-!
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CA = Ingestion Dose x SF

CA = 4.07E-4 = Incremental Cancer Risk
SF = 5.2E-2 (mg/kg-day)*1 = Oral Slope Factor
Care-Ingestion Dose = 7.83E-3 = Carcinogenic Ingestion Exposure Dose (mg/kg-day)

The RME noncarcinogenic risk for a future adult industrial worker from ingestion of PCE in area
groundwater (Center of Plume) at Crossley Farm Site is estimated as follows:

NC = Ingestion Dose/RfD

NC = 2.19 = Noncarcinogenic Risk
RfD = 1.0E-2 (mg/kg-day) = Oral Reference Dose
Noncarc-lngestion Dose = 2.19E-2 = Noncarcinogenic Ingestion Exposure Dose (mg/kg-day)

Dermal Absorption of Area Groundwater (Center of Plume):

Dermal absorption of PCE in area groundwater (Center of Plume) at Crossley Farm Site for a future
adult industrial worker under an RME scenario was evaluated using the following equation (EPA,
1989a; EPA, 1995):

,n . ,, , . CWxKPxSAxFunc(ET)xEFxEDxCF\xCF2DermalDose(mg I kg • day) =

Where:

Care-Dermal Dose = 2.45E-3 = Carcinogenic Dermal Exposure Dose (mg/kg-day)
Noncarc- Dermal Dose = 6.87E-3 = Noncarcinogenic Dermal Exposure Dose (mg/kg-day)

CW = 1600 ug/L = PCE concentration in area groundwater
KP = 0.37 cm/hr = Permeability coefficient from water
SA = 904 cm2 = Skin surface area available for contact
EF = 250 days/yr = Exposure Frequency
ED = 25 yrs = Exposure Duration
ET = 0.25 hr/day = Exposure Time where ET = Func{ET) for inorganics
CF1 = 1 mg/103 ug = Conversion Factor
CF2 =1 L/103 cm5 = Conversion Factor
BW = 70 kg = Body Weight
ATC = 25550 = Averaging Time for Carcinogens (365 d/yr x 70 yrs)
ATN = 9125 days = Averaging Time for Noncarcinogens (365 d/yr x 25 yrs)
Func(ET) =1.31 hr/day = Exposure Time [Func(ET) = ET for inorganics]

IT <r~r\ i .bunc{El) = 2 x |—————— for organics ET<t
n

Func(ET) = ——— + rx2 for organics ET>r
1 + 5 1 + B

APPJ(Pll)-2

AR30I3I40



Where:

t*pcE = 4.3 hr = Time to reach steady state
T = 0.90 hr = Lag Time
ET = 0.25 hr/day = Exposure Time

The RME cancer risk for a future adult industrial worker from dermal absorption of PCE in area
groundwater (Center of Plume) at Crossley Farm Site is estimated as follows:

CA = Dermal Dose x SF

CA = 1.27E-4 = Incremental Cancer Risk
SF = 5.20E-2 (mg/kg-day)'1 = Dermal Slope Factor = (SF̂ /GI Factor; [5.20E-2/1.0])
Care-Dermal Dose = 2.45E-3 = Carcinogenic Dermal Exposure Dose (mg/kg-day)

The RME noncarcinogenic risk for a future industrial worker from dermal absorption of PCE in area
groundwater (Center of Plume) at Crossley Farm Site is estimated as follows:

NC = Dermal Dose/RfD

NC = 6.87E-1 = Noncarcinogenic Risk
RfD = 1 .OE-2 (mg/kg-day) = Dermal Reference Dose = (RfDoral*GI Factor; [1 .OE-2*1.0])
Nonca re-Derma I Dose = 6.87E-3 = Noncarcinogenic Dermal Exposure Dose (mg/kg-day)

Inhalation of Vapors (During Showering):

If inhalation of vapors during showering is also estimated for exposure to area groundwater, the
concentration of PCE leaving water as a vapor must be estimated and subtracted from the water
concentration in order to determine the proper concentration left for dermal contact.

Cv = Co - Cwd

Where:

Cv = 1012.4 ug/L = PCE concentration in water after vaporization
Co = 1600 ug/L = Original concentration of PCE in groundwater
Cwd = 587.6 ug/L = Concentration of PCE leaving the water droplet in vapors

The concentration leaving the water droplet {Cwd; see derivation below) is 587.6 ug/L, therefore, the
available concentration for dermal contact is equal to 1600 ug/L - 587.6 ug/L = 1012.4 ug/L, this value
is input into Cv in the dermal equation above.

Cwd = Co x \-e
-KaLxtsx(6/J)xCF\xCF2^

Cwd = 587.6 ug/L = Concentration leaving water droplet after time ts
Co = 1600 ug/L = Concentration in water

APPJ(Pll)-3
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KaL = 13.73 cm/hr = Adjusted overall mass transfer coefficient
ts =2 sec = Shower droplet time
d = 1 mm = Shower droplet diameter
CF1 = 1/3600 hr/sec = Conversion Factor
CF2 =10 mm/cm = Conversion Factor

f j KLKaL =

KaL = 13.73 cm/hr = Adjusted overall mass transfer coefficient
KL =10.16 cm/hr = Mass transfer coefficient
T1 = 293 °K = Calibration water temperature of KL
Ts = 318 °K = Shower water temperature
H, = 1.002 centipoise = Water viscosity at T,
Us = 0.596 centipoise = Water viscosity at T,

LL , **T
(kl ) (ffxkg )

KL =10.16 cm/hr = Mass transfer coefficient
R = 8.21 E-5 atm m3/mol/°K = Ideal gas law constant
T = 293 °K = Absolute temperature
H = 0.0184 atm m3/mole = Henry's Law constant
kg = 988.38 cm/hr = Gas-film mass transfer coefficient
kl = 10.30 cm/hr = Liquid-film mass transfer coefficient

, ... IMWH
Kg = kH X

kg = 988.38 cm/hr = Gas-film mass transfer coefficient
kl = 10.30 cm/hr = Liquid-film mass transfer coefficient

kH = 3000 cm/hr = kg for water
kC = 20 cm/hr = kl for carbon dioxide
MWH = 18 g/mole = Molecular Weight of water
MWC = 44 g/mole = Molecular Weight of carbon dioxide
MW = 165.83 g/mole = Molecular Weight of PCE

APPJ(Pll)-4
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Inhalation of PCE (vapor phase during showering) in area groundwater (Center of Ptume) at Crossley
Farm Site for a future adult resident under an RME scenario was evaluated using the following
equations (EPA, 1989a; Foster and Chrostowski, 1987):

D x EF x EDlnhalationDose(mg I kg • day) = ———————

BWxRaxCFl

" e-RaxDl~

Ra

Ra x (Ds - Dt)e '
Ra

Cwd x Fr
——————————

Sv

Where:

Care-Inhalation Dose = 2.16E-2 = Carcinogenic Inhalation Exposure Dose (mg/kg-day)
Noncarc-lnhalation Dose= 6.29E-2 = Noncarcinogenic Inhalation Exposure Dose (mg/kg-day)

D = 6.555E-2 mg/kg/shower = Dose absorbed per kg body weight per shower
EF = 350 days/yr = Exposure Frequency
ED = 24 yrs = Exposure Duration
ATC = 25550 days = Averaging Time for Carcinogens (365 d/yr x 70 yrs)
ATN = 8760 days = Averaging Time for Noncarcinogens (365 d/yr x 24 yrs)
IRair = 14 L/min = Inhalation Rate
S = 1958.6 ug/m3/min = Indoor VOC generation rate
BW = 70 kg = Body Weight
Ra = 1.667E-2 min"1 = Rate of air exchange
CF1 =106ugl_/mgm3 = Conversion Factor
Q = 2.79 min = Function of air exchange rate & time in shower/room
Ds =15 min = Duration of shower
Dt = 20 min = Total time in shower room
Cwd = 587.6 ug/L = Concentration leaving water droplet after time ts
Fr = 20 L/min = Shower flow rate
Sv = 6 m3 = Shower room air volume

The RME cancer risk for a future adult resident from inhalation of PCE vapors in area groundwater
(Center of Plume) during showering at Crossley Farm Site is estimated as follows:

CA = Inhalation Dose x SF

CA = 4.31 E-5 = Incremental Cancer Risk
SF = 2.00E-3 (mg/kg-day)"1 = Inhalation Slope Factor
Care-Inhalation Dose = 2.16E-2 = Carcinogenic Inhalation Exposure Dose (mg/kg-day)

APPJ(Pll)-5
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The RME noncarcinogenic risk for a future adult resident from inhalation of PCE vapors in area
groundwater (Center of Plume) during showering at Crossley Farm Site is estimated as follows:

NC = Inhalation Dose/RfD

NC = 4.49E-1 = Noncarcinogenic Risk
RfD = 1.40E-1 (mg/kg-day) = Inhalation Reference Dose
Noncarc-lnhalation Dose= 6.29E-2 = Noncarcinogenic Inhalation Exposure Dose (mg/kg-day)

The volatile chemical generation rate was estimated using the Foster and Chrostowski mass
transfer model, which is based on two-phase film theory. The model employs contaminant-
specific mass transfer coefficients, Henry's Law constants, droplet drop time, viscosity,
temperature, etc. Specific details regarding the application of the mass transfer model can be
found in the source documents (Foster and Chrostowski, 1987).

Test Pit Soil Exposure

Four potential exposure routes are associated with direct exposure to test pit soil at Crossley
Farm Site. These exposure routes include ingestion, dermal absorption, inhalation of fugitive
dust, and inhalation of volatiles.

Ingestion of COPCs in Test Pit Soil:

Ingestion of arsenic in test pit soil at Crossley Farm Site for a future adult industrial worker under an
RME scenario was evaluated using the following equation (EPA, 1989a):

r ,- n / ii, A ^ CSxIRsoilxFIxEFxEDxCF\IngestwnDose(mg I kg • day} = ———— ....————————
BW x AT

Where:

Carc-lngestion Dose = 1.55E-6 = Carcinogenic Ingestion Exposure Dose (mg/kg-day)
Noncarc-lngestion Dose = 4.35E-6 = Noncarcinogenic Ingestion Exposure Dose (mg/kg-day)

CS = 8.89 mg/kg = Arsenic concentration in test pit soil
IRadi - 50 mg/day = Ingestion Rate
Fl = 1.0 = Fraction Ingested from this contaminated source
CF1 = 1 kg/106 mg = Conversion Factor
EF = 250 days/yr = Exposure Frequency
ED = 25 yrs ~ Exposure Duration
BW = 70 kg = Body Weight
ATC = 25550 days = Averaging Time for Carcinogens (365 d/yr x 70 yrs)
ATN = 9125 days = Averaging Time for Noncarcinogens (365 d/yr x 25 yrs)

The RME cancer risk for a future adult industrial worker from ingestion of arsenic in test pit soil at
Crossley Farm Site is estimated as follows:

CA = Ingestion Dose x SF

CA = 2.33E-6 = Incremental Cancer Risk
SF = 1.5 (mg/kg-day)"1 = Oral Slope Factor
Carc-lngestion Dose = 1.55E-6 = Carcinogenic Ingestion Exposure Dose {mg/kg-day)
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The RME noncarcinogenic risk for a future adult industrial worker from ingestion of arsenic in test pit soil
at Crossley Farm Site is estimated as follows:

NC = Ingestion Dose / RfD

NC = 1.45E-2 = Noncarcinogenic Risk
RfD = 0.0003 mg/kg-day = Oral Reference Dose
Noncarc-lngestion Dose = 4.35E-6 = Noncarcinogenic Ingestion Exposure Dose (mg/kg-day)

Dermal Absorption of COPCs in Test Pit Soil:

Dermal absorption of arsenic in test pit soil at Crossley Farm Site for a future adult industrial worker
under an RME scenario was evaluated using the following equations (EPA, 1992e):

Irk , ,. , , CSxSMAFBPxDABSxEVxEFxEDxCFlDermalDose(mg I kg • day) = ———————————————————————————
BW xAT

Where:

Care-Dermal Dose = 5.95E-7 = Carcinogenic Dermal Exposure Dose (mg/kg-day)
Noncarc-Dermal Dose = 1.67E-6 = Noncarcinogenic Dermal Exposure Dose (mg/kg-day)

CS = 8.89 mg/kg = Arsenic concentration in test pit soil
SMAFBP = 599 mg/event = Summation [Adherence factor per body part exposed]
EV =1 event/day = Event Frequency
EF = 250 days/yr = Exposure Frequency
ED = 25 yrs = Exposure Duration
BW = 70 kg = Body Weight
DABS = 0.032 = Absorption Factor
CF1 =1kg/106mg = Conversion Factor
ATC = 25550 days = Averaging Time for Carcinogens (365 d/yr x 70 yrs)
ATN = 9125 days = Averaging Time for Noncarcinogens (365 d/yr x 25 yrs)

no .ofbodyparis

1-1

Where:

SA/ = Surface Area of body part /
AF = Adherence Factor for body part /

The RME cancer risk for a future adult industrial worker from dermal absorption of arsenic in test pit soil
at Crossley Farm Site is estimated as follows:

CA = Dermal Dose x SF

CA = 8.93E-7 = Incremental Cancer Risk
SF = 1.5 (mg/kg-day)"1 = Dermal Slope Factor = (SF̂ GI Factor; [1.5/1])
Care-Dermal Dose = 5.95E-7 = Carcinogenic Dermal Exposure Dose (mg/kg-day)
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The RME noncarcinogenic risk for a future adult industrial worker from dermal absorption of arsenic in
test pit soil at Crossley Farm Site is estimated as follows:

NC = Dermal Dose / RfD

NC = 5.56E-3 = Noncarcinogenic Risk
RfD = 3.00E-4 mg/kg-day = Dermal Reference Dose = (RfD0ra*GI Factor; [0.0003*1])
Noncarc-Dermal Dose = 1.67E-6 = Noncarcinogenic Dermal Exposure Dose (mg/kg-day)

Inhalation of COPCs in Fugitive Dust:

Inhalation of chromium in test pit soil (via fugitive dust) at Crossley Farm Site for a future adult industrial
worker under an RME scenario was evaluated using the following equations (EPA, 1992e):

(C%/r/v)x MxETxEFx ED
InhalationDose(mglkg/day) = ^^ DTJ/ .,——————

BW x AT

Where:

Care-Inhalation Dose = 8.94E-10 = Carcinogenic Inhalation Exposure Dose (mg/kg-day)
Noncare-Inhalation Dose= 2.50E-9 = Noncarcinogenic Inhalation Exposure Dose (mg/kg-day)

CS = 71.2 mg/kg = Chromium concentration in test pit soil
PEF = 3.34E+9 m3/kg = Particulate Emission Factor from soil
IN =1.5m3/hr = Inhalation Rate
ET =8 hr/day = Exposure Time
EF = 250 days/yr = Exposure Frequency
ED = 25 yrs = Exposure Duration
BW = 70 kg = Body Weight
ATC = 25550 days = Averaging Time for Carcinogens (365 d/yr x 70 yrs)
ATN = 9125 days = Averaging Time for Noncarcinogens (365 d/yr x 25 yrs)

The RME cancer risk for a future adult industrial worker from inhalation of chromium in test pit soil at
Crossley Farm Site is estimated as follows:

CA = Inhalation Dosex SF

CA = 3.66E-8 = Incremental Cancer Risk
SF = 41 (mg/kg-day)'1 = Inhalation Slope Factor
Care- Inhalation Dose = 8.94E-10 = Carcinogenic Inhalation Exposure Dose (mg/kg-day)

The RME noncarcinogenic risk for a future adult industrial worker from inhalation of chromium in test pit
soil at Crossley Farm Site is estimated as follows:

NC = Inhalation Dose / RfD

NC = 8.34E-5 = Noncarcinogenic Risk
RfC = 3.00E-5 mg/kg-day = Reference Concentration (mg/kg-day)
Noncarc- Inhalation Dose = 2.50E-9 = Noncarcinogenic Inhalation Exposure Dose (mg/kg-day)
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Inhalation of Volatile COPCs in Test Pit Soil:

Inhalation of benzo(b)fluoranthene in test pit soil (via volatilization) for a future adult industrial worker
under an RME scenario was evaluated using the following equations (EPA, 1992e):

InhalationDose(ms I kg • day} =
)x MxETxEFx ED

BWxAT

Where:

Care- In halation Dose = 2.06E-9 = Carcinogenic Inhalation Exposure Dose (mg/kg-day)
Noncarc-lnhalation Dose= 5.77E-9 = Noncarcinogenic Inhalation Exposure Dose (mg/kg-day)

CS =1.19 mg/kg = Benzo(b)fluoranthene concentration in test pit soil
VF = 2.42E+7 m3/kg = Volatilization Factor from soil
IN =1.5 m3/hr = Inhalation Rate
ET =8 hr/day = Exposure Time
EF = 250 days/yr = Exposure Frequency
ED = 25 yrs = Exposure Duration
BW = 70 kg = Body Weight
ATC = 25550 days = Averaging Time for Carcinogens (365 d/yr x 70 yrs)
ATN = 91 25 days = Averaging Time for Noncarcinogens (365 d/yr x 25 yrs)

Benzo(b)fluoranthene does not have an inhalation slope factor or an inhalation reference dose,
therefore, this example only shows the calculation of the inhalation dose for cancer and noncancer
risks.

Chemical-Specific Volatilization Factor (VF):

Q/Cx(l.\4xDAxT)]//2xlQ-*\™'
lkg) =

rt«vi

cm
2xphxDA

Where:

VF = 2.42E+7 m3/kg = Volatilization Factor
Q/C = 90.24 = Inverse of the mean cone, at the center of a 0.5 acre2

source [(g/m2-s)/(kg/m3)]
T = 9.5E+8 sec = Exposure interval

D
Where:

DA = 4.61E-11 cm2/s = Apparent Diffusitivity
0a = 2.84E-1 = Air-filled soil porosity (n-6w)
0W = 0.15 = Water-filled soil porosity
n = 4.34E-1 = Total soil porosity [1-(pb/p«)]
pb = 1.5g/cm3 = Dry soil bulk density
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ps = 2.65 g/cm3 = Soil particle density
Di = 2.26E-2cm2/s = Diffusitivity in air
H' = 2.53E-4 = Henry's law constant
Dw = 5.56E-6cm2/s = Diffusitivity in water
Kd = 7380 cm3/g = Soil-water partition coefficient [KoC x f^]

(organics)
KOC = 1.23E+6 cm3/g = Soil organic carbon partition coefficient
foe = 0.006 = Fraction of organic carbon in soil

Sediment Exposure

Two potential exposure scenarios associated with direct exposure to sediment include exposure
during wading activities and exposure during swimming activities. For each exposure scenario
two potential exposure routes are associated with direct exposure to sediment at Crossley Farm
Site. These exposure routes include ingestion and dermal absorption.

Ingestion of COPCs in Sediment During Wading Activities

Ingestion of arsenic in sediment sample location SW/SD08 for a child resident under an RME scenario
was evaluated using the following equation (EPA, 1989a):

n , ,, , , CSxIR.xFIxETxEFxEDxCF\xCF2IngestionDose(mg I kg • day} = —————————————————————————
BW x AT

Where:

Carc-lngestion Dose = 8.15E-8 = Carcinogenic Ingestion Exposure Dose (mg/kg-day)
Noncarc-lngestion Dose = 9.51 E-7 = Noncarcinogenic Ingestion Exposure Dose (mg/kg-day)

CS = 3.60 mg/kg = Arsenic concentration in sediment
IRMd = 200 mg/day = Ingestion Rate
Fl = 1.0 = Fraction Ingested from this contaminated source
EF = 48 days/yr = Exposure Frequency
ED = 6 yrs = Exposure Duration
ET =4 hr/day = Exposure Time
CF1 =1kg/106mg = Conversion Factor
CF2 = 1 day/24 hr = Conversion Factor
BW = 16.6 kg = Body Weight
ATC = 25550 days = Averaging Time for Carcinogens (365 d/yr x 70 yrs)
ATN = 2190 days = Averaging Time for Noncarcinogens (365 d/yr x 6 yrs)

The RME cancer risk for a child resident from ingestion of arsenic in sediment sample location
SW/SD08 is estimated as follows:

CA = Ingestion Dose x SF

CA =1.22E-7 = Incremental Cancer Risk
SF =1.5 (mg/kg-day)'1 = Oral Slope Factor
Carc-lngestion Dose = 8.15E-8 = Carcinogenic Ingestion Exposure Dose (mg/kg-day)

The RME noncarcinogenic risk for a child resident from ingestion of arsenic in sediment sample location
SW/SD08 is estimated as follows:
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NC = Ingestion Dose / RfD

NC = 3.17E-3 = Noncarcinogenic Risk
RfD = 0.0003 mg/kg-day = Oral Reference Dose
Noncarc-lngestion Dose = 9.51E-7 = Noncarcinogenic Ingestion Exposure Dose (mg/kg-day)

Dermal Absorption of COPCs in Sediment During Wading Activities

Dermal absorption of arsenic in sediment sample location SW/SD08 for a child resident under an RME
scenario was evaluated using the following equations (EPA, 1989; EPA, 1995):

, ^ , , , _ , , CSxABSxSAxEVxEFxEDxCF\DermalDose(mg I kg • day) = ——————————————————————
BWxAT

Where:

Care-Dermal Dose = 5.65E-8 = Carcinogenic Dermal Exposure Dose (mg/kg-day)
Noncarc-Dermal Dose = 6.59E-7 = Noncarcinogenic Dermal Exposure Dose (mg/kg-day)

CS = 3.60 mg/kg = Arsenic concentration in sediment
SA = 722 mg/event = Summation [Adherence factor per body part exposed]
ABS = 0.032 = Dermal Absorption Factor
EV =1 event/day = Event Frequency
EF = 48 days/yr = Exposure Frequency
ED = 6 yrs = Exposure Duration
CF1 = 1 kg/106 mg = Conversion Factor
BW = 16.6 kg = Body Weight
ATC = 25550 days = Averaging Time for Carcinogens (365 d/yr x 70 yrs)
ATN = 2190 days = Averaging Time for Noncarcinogens (365 d/yr x 6 yrs)

The RME cancer risk for a child resident from dermal absorption of arsenic in sediment sample location
SW/SD08 is estimated as follows:

CA = Dermal Dose x SF

CA = 8.47E-8 = Incremental Cancer Risk
SF = 1.50 {mg/kg-day)'1 = Dermal Slope Factor = SForai
Care-Dermal Dose = 5.65E-8 = Carcinogenic Dermal Exposure Dose (mg/kg-day)

The RME noncarcinogenic risk for a child resident from dermal absorption of arsenic in sediment
sample location SW/SD08 is estimated as follows:

NC = Dermal Dose / RfD

NC = 2.20E-3 = Noncarcinogenic Risk
RfD = 0.0003 mg/kg-day = Dermal Reference Dose = RfD0rai
Noncarc-Dermal Dose = 6.59E-7 = Noncarcinogenic Dermal Exposure Dose (mg/kg-day)

Ingestion of COPCs in Sediment During Swimming Activities
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Ingestion of arsenic in sediment sample location SW/SD10 for a child resident under an RME scenario
was evaluated using the following equation (EPA, 1989a):

CS x JR. xFIxETxEFxEDx CF\ x CF2
IngestionDose(mg I kg • day) = ————————————;————————————

Dtr X /i 1

Where:

Carc-lngestion Dose = 3.73E-8 = Carcinogenic Ingestion Exposure Dose (mg/kg-day)
Noncarc-lngestion Dose = 4.36E-7 = Noncarcinogenic Ingestion Exposure Dose (mg/kg-day)

CS = 3.30 mg/kg = Arsenic concentration in sediment
IRsed = 200 mg/day = Ingestion Rate
Fl = 1.0 = Fraction Ingested from this contaminated source
EF = 48 days/yr = Exposure Frequency
ED = 6 yrs = Exposure Duration
ET =2 hr/day = Exposure Time
CF1 = 1 kg/10 mg = Conversion Factor
CF2 = 1 day/24 hr = Conversion Factor
BW = 16.6 kg = Body Weight
ATC = 25550 days = Averaging Time for Carcinogens (365 d/yr x 70 yrs)
ATN = 2190 days = Averaging Time for Noncarcinogens (365 d/yr x 6 yrs)

The RME cancer risk for a child resident from ingestion of arsenic in sediment sample location
SW/SD10 is estimated as follows:

CA = Ingestion Dose x SF

CA = 5.60E-8 = Incremental Cancer Risk
SF =1.5 (mg/kg-day)"1 = Oral Slope Factor
Carc-lngestion Dose = 3.73E-8 = Carcinogenic Ingestion Exposure Dose (mg/kg-day)

The RME noncarcinogenic risk for a child resident from ingestion of arsenic in sediment sample location
SW/SD10 is estimated as follows:

NC = Ingestion Dose / RfD

NC = 1.45E-3 = Noncarcinogenic Risk
RfD = 0.0003 mg/kg-day = Oral Reference Dose
Noncarc-lngestion Dose = 4.36E-7 = Noncarcinogenic Ingestion Exposure Dose (mg/kg-day)

Dermal Absorption of COPCs in Sediment During Swimming Activities

Dermal absorption of arsenic in sediment sample location SW/SD10 for a child resident under an RME
scenario was evaluated using the following equations (EPA, 1989; EPA, 1995):

Ir, , ,, , , CSxABSxSAxEVxEFxEDxCFlDermalDose(mg I kg • day) ~ ——————————————————————
BW xAT

Where:
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Care-Dermal Dose = 5.18E-8 = Carcinogenic Dermal Exposure Dose (mg/kg-day)
Noncarc-Dermal Dose = 6.04E-7 = Noncarcinogenic Dermal Exposure Dose {mg/kg-day)

CS = 3.30 mg/kg = Arsenic concentration in sediment
ABS = 0.032 = Dermal Absorption Factor
SA = 722 mg/event = Summation [Adherence factor per body part exposed]
EV =1 event/day = Event Frequency
EF = 48 days/yr = Exposure Frequency
ED =6 yrs = Exposure Duration
CF1 = 1 kg/106 mg = Conversion Factor
BW = 16.6 kg = Body Weight
ATC = 25550 days = Averaging Time for Carcinogens (365 d/yr x 70 yrs)
ATN = 2190 days = Averaging Time for Noncarcinogens (365 d/yr x 6 yrs)

The RME cancer risk for a child resident from dermal absorption of arsenic in sediment sample location
SW/SD10 is estimated as follows:

CA = Dermal Dose x SF

CA = 7.77E-8 = Incremental Cancer Risk
SF = 1.50 (mg/kg-day)"1 = Dermal Stope Factor = SFwai
Care-Dermal Dose = 5.18E-8 = Carcinogenic Dermal Exposure Dose (mg/kg-day)

The RME noncarcinogenic risk for a child resident from dermal absorption of arsenic in sediment
sample location SW/SD10 is estimated as follows:

NC = Dermal Dose / RfD

NC = 2.01 E-3 = Noncarcinogenic Risk
RfD = 0.0003 mg/kg-day = Dermal Reference Dose = RfD0rai
Noncarc-Dermal Dose = 6.04E-7 = Noncarcinogenic Dermal Exposure Dose (mg/kg-day)

Surface Water Exposure

Two potential exposure scenarios associated with direct exposure to surface water include
exposure during wading activities and exposure during swimming activities. For each exposure
scenario two potential exposure routes are associated with direct exposure to surface water at
Crossley Farm Site. These exposure routes include ingestion and dermal absorption.

Ingestion of COPCs in Surface Water During Wading Activities

Ingestion of trichloroethene (TCE) in surface water sample location SW/SD15 for a child resident under
an RME scenario was evaluated using the following equation (EPA, 1989a):

. „ , , , ; , CWxIRswxFIxEFxEDxETxCF\xCF2InsestionDoseimg I kg • day) = ————-—————————————————————
BWxAT

Where:

Carc-lngestion Dose = 2.83E-7 = Carcinogenic Ingestion Exposure Dose (mg/kg-day)
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Noncarc-lngestion Dose = 3.30E-6 = Noncarcinogenic Ingestion Exposure Dose (mg/kg-day)

CW = 250 ug/L = TCE concentration in surface water
IRSW = 0.01 l_/day = Ingestion Rate
Fl = 1.0 = Fraction Ingested from this contaminated source
EF = 48 days/yr = Exposure Frequency
ED =6 yrs = Exposure Duration
ET =4 hr/day = Exposure Time
CF1 = 1 mg/103 ug = Conversion Factor
CF2 = 1 day/24 hr = Conversion Factor
BW = 16.6 kg = Body Weight
ATC = 25550 days = Averaging Time for Carcinogens (365 d/yr x 70 yrs)
ATN = 2190 days = Averaging Time for Noncarcinogens (365 d/yr x 6 yrs)

The RME cancer risk for a child resident from ingestion of TCE in surface water sample location
SW/SD15 is estimated as follows:

CA = Ingestion Dose x SF

CA = 3.11E-9 = Incremental Cancer Risk
SF =1.1 Ê mg/kg-day)"1 = Oral Slope Factor
Carc-lngestion Dose = 2.83E-7 = Carcinogenic Ingestion Exposure Dose (mg/kg-day)

The RME noncarcinogenic risk for a child resident from ingestion of TCE in surface water sample
location SW/SD15 is estimated as follows:

NC = Ingestion Dose/RfD

NC = 5.50E-4 = Noncarcinogenic Risk
RfD = 6.0E-3 (mg/kg-day) = Oral Reference Dose
Noncarc-lngestion Dose = 3.30E-6 = Noncarcinogenic Ingestion Exposure Dose (mg/kg-day)

Dermal Absorption of COPCs in Surface Water During Wading Activities

Dermal absorption of TCE in surface water sample location SW/SD15 for a child resident under an
RME scenario was evaluated using the following equation (EPA, 1989a; EPA, 1995):

,n , ,. , , CWxKPxSAxFunc(ET)xEFxEDxCF\xCF2DermalDose(mg I Kg • day) = ——————————————————————————————
BW x AT

Where:

Care-Dermal Dose = 4.58E-4 = Carcinogenic Dermal Exposure Dose (mg/kg-day)
Noncarc-Dermal Dose = 5.34E-3 = Noncarcinogenic Dermal Exposure Dose (mg/kg-day)

CW = 250 ug/L = TCE concentration in surface water
KP = 0.23 cm/hr = Permeability coefficient from water
SA = 2320 cm2 = Skin surface area available for contact
EF = 48 days/yr = Exposure Frequency
ED = 6 yrs = Exposure Duration
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CF1 = 1 mg/10 ug = Conversion Factor
CF2 = 1 L/103 cm = Conversion Factor
BW = 16.6 kg = Body Weight
ATC = 25550 days = Averaging Time for Carcinogens (365 d/yr x 70 yrs)
ATN = 2190 days = Averaging Time for Noncarcinogens (365 d/yr x 6 yrs)
Func(ET) = 5.05 hr/day = Exposure Time [Func(ET) = ET for inorganics]

|6x T x ETFunc(ET) = 2x^j—————— for organics ET<t*
n

Func(ET) = ——— + rX^ ——'- for organics ET>f
1 i D 1 _ i _ DI + /> 1 + D

Where:

t*TCE = 1-30 hr = Time to reach steady state
T = 5.50E-1 hr = Lag Time
B = 2.60E-2 = Partition Coefficient
ET =4 hr/day = Exposure Time

The RME cancer risk for a child resident from dermal absorption of TCE in surface water sample
location SW/SD15 is estimated as follows:

CA = Dermal Dose x SF

CA = 5.04E-6 = Incremental Cancer Risk
SF = 1.1E-2 (mg/kg-day)"1 = Dermal Slope Factor = (SU, / Gl Factor; [1.1E-2/1.0])
Care-Dermal Dose = 4.58E-4 = Carcinogenic Dermal Exposure Dose (mg/kg-day)

The RME noncarcinogenic risk for a child resident from dermal absorption of TCE in surface water
sample location SW/SD15 is estimated as follows:

NC = Dermal Dose/RfD

NC = 8.90E-1 = Noncarcinogenic Risk
RfD = 6.0E-3 (mg/kg-day) = Dermal Reference Dose = (RfDorarGI Factor; [6.0E-3*1.0])
Noncarc- Dermal Dose = 5.34E-3 = Noncarcinogenic Dermal Exposure Dose {mg/kg-day)

Ingestion of COPCs in Surface Water During Swimming Activities

Ingestion of TCE in surface water sample location SW/SD10 for a child resident under an RME
scenario was evaluated using the following equation {EPA, 1989a):

^ , ,, , , CWxIR^xFJxEFxEDxETxCF\xCF2
lngestionDose(mg / kg • day) = ———————————————————————————

BWxAT
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Where:

Carc-lngestion Dose = 1.38E-6 = Carcinogenic Ingestion Exposure Dose (mg/kg-day)
Noncarc-lngestion Dose = 1.60E-5 = Noncarcinogenic Ingestion Exposure Dose (mg/kg-day)

CW = 486 ug/L = TCE concentration in surface water
IRsw = 0.05 L/day = Ingestion Rate
Fl = 1.0 = Fraction Ingested from this contaminated source
EF = 48 days/yr = Exposure Frequency
ED =6 yrs = Exposure Duration
ET =2 hr/day = Exposure Time
CF1 = 1 mg/103 ug = Conversion Factor
CF2 = 1 day/24 hr = Conversion Factor
BW = 16.6 kg = Body Weight
ATC = 25550 days = Averaging Time for Carcinogens (365 d/yr x 70 yrs)
ATN = 2190 days = Averaging Time for Noncarcinogens (365 d/yr x 6 yrs)

The RME cancer risk for a child resident from ingestion of TCE in surface water sample location
SW/SD10 is estimated as follows:

CA = Ingestion Dose x SF

CA = 1.51E-8 = Incremental Cancer Risk
SF =1.1 Ê mg/kg-day)"1 = Oral Slope Factor
Carc-lngestion Dose = 1.38E-6 = Carcinogenic Ingestion Exposure Dose {mg/kg-day)

The RME noncarcinogenic risk for a child resident from ingestion of TCE in surface water sample
location SW/SD10 is estimated as follows:

NC = Ingestion Dose/RfD

NC = 2.67E-3 = Noncarcinogenic Risk
RfD = 6.0E-3 (mg/kg-day) = Oral Reference Dose
Noncarc-lngestion Dose = 1.60E-5 = Noncarcinogenic Ingestion Exposure Dose (mg/kg-day)

Dermal Absorption of COPCs in Surface Water During Swimming Activities

Dermal absorption of TCE in surface water sample location SW/SD10 for a child resident under an
RME scenario was evaluated using the following equation (EPA, 1989a; EPA, 1995):

Irt , ,. , . CWxKPxSAxFunc(ET)xEFxEDxCF\xCF2DermalDose(mg i kg • day) - —————————
BWxAT

Where:

Care-Dermal Dose = 1.70E-3 = Carcinogenic Dermal Exposure Dose (mg/kg-day)
Noncarc-Dermal Dose = 1.98E-2 = Noncarcinogenic Dermal Exposure Dose (mg/kg-day)

CW = 486 ug/L = TCE concentration in surface water
KP = 0.23 cm/hr = Permeability coefficient from water
SA = 7213 cm2 = Skin surface area available for contact
EF = 48 days/yr = Exposure Frequency
ED = 6 yrs = Exposure Duration
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CF1 = 1 mg/103 uq = Conversion Factor
CF2 =1 L/103 cm3 = Conversion Factor
BW = 16.6 kg = Body Weight
ATC = 25550 days = Averaging Time for Carcinogens (365 d/yr x 70 yrs)
ATN = 2190 days = Averaging Time for Noncarcinogens (365 d/yr x 6 yrs)
Func(ET) =3.11 hr/day = Exposure Time [Func(ET) = ET for inorganics]

J6 x TxET———— for organics ET<f
n

fTT /O JiC D •

Func(ET) = ——— + ——-————- for organics ET>t*
1 -f B 1 + B

Where:

t*TCE - 1-30 hr = Time to reach steady state
T = 5.50E-1 hr = Lag Time
B = 2.60E-2 = Partition Coefficient
ET =2 hr/day = Exposure Time

The RME cancer risk for a child resident from dermal absorption of TCE in surface water sample
location SW/SD10 is estimated as follows:

CA = Dermal Dose x SF

CA = 1.87E-5 = Incremental Cancer Risk
SF = 1.1E-2 (mg/kg-day)'1 = Dermal Slope Factor = (SW Gi Factor; [1.1E-2/1.0])
Care-Dermal Dose = 1.70E-3 = Carcinogenic Dermal Exposure Dose (mg/kg-day)

The RME noncarcinogenic risk for a child resident from dermal absorption of TCE in surface water
sample location SW/SD10 is estimated as follows:

NC = Dermal Dose/RfD

NC = 3.30 = Noncarcinogenic Risk
RfD = 6.0E-3 (mg/kg-day) = Dermal Reference Dose = (RfDorarGI Factor; [6.0E-3*1.0])
Noncarc- Dermal Dose = 1.98E-2 = Noncarcinogenic Dermal Exposure Dose (mg/kg-day)

Home-Produced Milk Exposure

One potential exposure route, ingestion of home-produced milk, is associated with bio-uptake of
contaminants in surface soil by cattle at Crossley Farm Site.

Ingestion of Home-Produced Milk

Ingestion of arsenic in milk at Crossley Farm Site for a child farm resident under an RME scenario
was evaluated using the following equations (EPA, 1998):
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, , CmxIRmADJxEFxEDxCFl
lngestionDose(mg I kg • day) = ——————————————————

AT

where:

Carc-lngestion Dose = 3.79E-7 = Carcinogenic Ingestion Exposure Dose {mg/kg-day)
Noncarc-lngestion Dose = 4.42E-6 = Noncarcinogenic Ingestion Exposure Dose (mg/kg-day)

IRm-ADJ = 18.57 = Adjusted Ingestion Rate [{g milk / kg body wt.) / day]
EF = 350 days/yr = Exposure Frequency
ED =6 yrs = Exposure Duration
CF1 = 1 kg/103 g = Conversion Factor
ATC = 25550 days = Averaging Time for Carcinogens (365 d/yr x 70 yrs)
ATN = 2190 days = Averaging Time for Noncarcinogens (365 d/yr x 6 yrs)

Where:

Cm - Ip x Bm x MF

Cm = 2.49E-4 = Arsenic concentration in milk [mg COPC/kg milk]
Bm = 6.00E-5 = Biotransfer factor for milk

[(mg COPC/kg milk)/(mg COPC/day)]
MF =1 = Metabolism Factor for arsenic

Ip = 4.14 mg COPC/day = Intake of arsenic in plant material by a cow
Of = 13.2 kg DW/day = Overall daily forage ingestion rate
Qs =4.1 kg DW/day = Overall daily silage ingestion rate
fp = 0.95 = Fraction of cow's total daily plant (forage or silage) intake

from contaminated source

Cr = 2.52E-1 = Arsenic concentration in plant dry weight (mg COPC/kg
plant)

Cs = 7 mg COPC/kg soil = Arsenic concentration in surface soil
Briorage = 3.60E-2 = Plant-soil bioconcentration factor for forage and silage

[(mg COPC/kg plant)/(mg COPC/kg soil)]

The RME carcinogenic risk for a future child farm resident from ingestion of home-produced milk
contaminated with arsenic from cattle raised at Crossley Farm Site is calculated as follows:

CA = Ingestion Dose x SF

CA = 5.69E-7 = Incremental Cancer Risk
SF =1.5 {mg/kg-day)'1 = Oral Slope Factor
Carc-lngestion Dose = 3.79E-7 = Carcinogenic Ingestion Exposure Dose (mg/kg-day)
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The RME noncarcinogenic risk for a future child farm resident from ingestion of home-produced milk
contaminated with arsenic from cattle raised at Crossley Farm Site is calculated as follows:

NC = Ingestion Dose/RfD

NC = 1.47E-2 = Noncarcinogenic Risk
RfD = 3.0E-4 (mg/kg-day) = Oral Reference Dose
Noncarc-lngestion Dose = 4.42E-6 = Noncarcinogenic Ingestion Exposure Dose (mg/kg-day)

Recreationally Caught Fish Exposure

One potential exposure route, ingestion, is associated with direct exposure to COPCs in animal tissue
of recreationally caught fish at Crossley Farm Site.

Ingestion of COPCs in Animal Tissue:

Ingestion of arsenic in animal tissue from surface water location Perkiomen Creek for a child resident
under an RME scenario was evaluated using the following equation (EPA, 1989a):

. „ , ,, , , CTxIRxFIxEFxEDxCFlxCF2IngestionDose(mg I kg • day) - —————————————————————
BW x AT

Where:

Carc-lngestion Dose = 3.44E-6 = Carcinogenic Ingestion Exposure Dose (mg/kg-day)
Noncarc-lngestion Dose = 4.01 E-5 = Noncarcinogenic Ingestion Exposure Dose (mg/kg-day)

IR = 25 g/day = Ingestion Rate
Fl = 1.0 = Fraction Ingested from this contaminated source
EF = 350 days/yr = Exposure Frequency
ED =6 yrs = Exposure Duration
CF1 = 1 mg/103 ug = Conversion Factor
CF2 = 1 kg/103g = Conversion Factor
BW =16.6 kg = Body Weight
ATC = 25550 days = Averaging Time for Carcinogens (365 d/yr x 70 yrs)
ATN = 2190 days = Averaging Time for Noncarcinogens (365 d/yr x 6 yrs)

Where:

CT = CW x BCF

CT = 27.8 ug/kg = Concentration of COPC in Animal Tissue
BCF = 20 L/kg = Bioconcentration Factor for Arsenic
CW = 1.39 ug/L = Arsenic concentration in surface water

The RME cancer risk for a child resident from ingestion of arsenic in animal tissue from surface water
location Perkiomen Creek is estimated as follows:

CA = Ingestion Dose x SF
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CA =5.16E-6 = Incremental Cancer Risk
SF =1.5 (mg/kg-day)'1 = Oral Slope Factor
Carc-lngestion Dose = 3.44E-6 = Carcinogenic Ingestion Exposure Dose {mg/kg-day)

The RME noncarcinogenic risk for a child resident from ingestion of arsenic in animal tissue from
surface water location Perkiomen Creek is estimated as follows:

NC = Ingestion Dose/RfD

NC = 1.34E-1 = Noncarcinogenic Risk
RfD = 3.0E-4 (mg/kg-day) = Oral Reference Dose
Noncarc-lngestion Dose = 4.01E-5 = Noncarcinogenic Ingestion Exposure Dose (mg/kg-day)

SOIL TO AIR SCREENING LEVELS

Soil to Air Screening Levels (SSLs) for Crossley Farm Site were calculated using the equations
provided in EPA's So/7 Screening Guidance: User's Guide (EPA, 1996). Carcinogenic SSLs
were adjusted to include child exposure parameters, therefore these equations have been
modified from their original format. The equations and default values used in the calculation of
the SSLs are as follows.

Derivation of age-adjustment factor, IFAadJ, for Carcinogenic SSLs:

day) = ('

where:
IFAadj = 12.1 (m3-yr)/(kg-day) = Age-adjustment Factor
IHcmid = 14.4 m3/day = Child Inhalation Rate {0.6 m3/hr x 24 hr/day)
EDchiw = 6 yrs = Exposure Duration for a child
BWchiw = 16.6kg = Child Body Weight
IHaduB = 20 m3/day = Adult Inhalation Rate (0.833 m3/hr x 24 hr/day)
EDtot = 30 yrs = Total Exposure Duration (6 yrs + 24 yrs)
BWadun 70 kg = Adult Body Weight

Carcinogenic SSLs for Fugitive Dust (Particulates) and Volatilization from Residential Soil:

TRxATClnorganicSSLs(mg I kg) -
x CSFt xEFx f ——-

(PEF

where:
TR = 1 x 10"6 = Target Cancer Risk
ATC = 25550 days = Carcinogenic Averaging Time (70 yrs x 365

d/yr)
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IFAadJ = 12.1 (m3-yr)/(kg-day) = Age-adjustment Factor
CSFj = Chemical-Specific = Inhalation Slope Factor (mg/kg-day)"1
EF = 350 days/yr = Exposure Frequency
PEF = 3.34 x 10 m3/kg = Site-Specific Particulate Emission Factor

^ • oor / /> x TRxATCOrgamcSSLs(mg I kg) = ———————————
//vL,xC5-Kx£Fx;KF

where:
TR 1 x 10"6 = Target Cancer Risk
ATC = 25550 days = Carcinogenic Averaging Time (70 yrs x 365

d/yr)
IFAadj = 12.1 (m-yr)/(kg-day) = Age-adjustment factor
CSFj = Chemical-Specific = Inhalation Slope Factor (mg/kg-day)"1
EF = 350 days/yr = Exposure Frequency
VF = Chemical-Specific = Volatilization Factor (m3/kg)

Noncarcinogenic SSLs for Fugitive Dust (Particulates) and Volatilization from Residential
Soil:

x ATN

JH x FF x FD -1 _~ln child x ̂r * ̂ ĉhild R/DJ {PEF

where:
THQ = 0 . 1 = Target Hazard Quotient
BWchiw = 16.6kg = Child Body Weight
ATN = 2190 days = Noncarcinogenic Averaging Time (6 yrs x

365 d/yr)
IHchNd = 14.4 m3/day = Child Inhalation Rate (0.6 m3/hr x 24 hr/day)
EF = 350 days/yr = Exposure Frequency
EDchJid = 6 yrs = Exposure Duration
RfD, = Chemical-Specific = Inhalation Reference Dose (mg/kg-day)
PEF = 3.34 x 109 rrrVkg = Site-specific Particulate Emission Factor

„,, x A TNOrganicSSLs(mg I kg) =
^chlldxEFxEDMlilx r

RJDJ {VF

where:
THQ = 0.1 = Target Hazard Quotient
BWchiw - 16.6kg = Child Body Weight
ATN = 2190 days = Noncarcinogenic Averaging Time (6 yrs x

365 d/yr)
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IHchiw = 14.4 rrvVday = Child Inhalation Rate (0.6 m3/hr x 24 hr/day)
EF = 350 days/yr = Exposure Frequency
EDchiid = 6 yrs = Exposure Duration
RfDj = Chemical-Specific = Inhalation Reference Dose (mg/kg-day)
VF = Chemical-Specific = Volatilization Factor (m3/kg)

The noncarcinogenic screening levels are less than the screening levels for the adult, therefore,
only SSLs based on the child's exposure parameters will be calculated.

Soil Saturation Constant, C,lt, for Volatiles in the Liquid State at Ambient Soil
Temperatures:

Csa, were calculated for volatile compounds that are present in the liquid state at ambient soil
temperatures and compared to the Inhalation of Volatiles SSLs. When the SSL exceeded C8at,
Csal was selected as the screening criterion (EPA, 1996). The volatites present in the liquid state
are: chloroform, ethylbenzene, styrene, tetrachloroethene, and trichloroethene. Therefore, CBat
was only calculated for these compounds. Based on this comparison, no compounds had a Csat
less than the Inhalation of Volatiles SSL. The equation used in the calculation of Csai is shown
below

where:
S = Chemical-Specific = Solubility in water (mg/Lwa,er)
Kd = K«x ̂  (organics) = Soil-water partition coefficient
KOC = Chemical-Specific = Soil organic carbon coefficient (crrrVg)
foe = 0.006 = Fraction of organic carbon in soil
H' = Chemical-Specific = Henry's law constant (unitless)
9, - n-6w = Air-filled soil porosity
n = 1-(pt/ps) = Total soil porosity
9W = 0.15 = Air-filled soil porosity
ps = 2.65 g/cm3 = Soil particle density
pb = 1.5 g/cm3 = Dry soil bulk density

Calculation of the site-specific particulate emission factor (PEF) is as follows:

„.,„, 3 ,, . Q/Cx36QQs/hPEF(m I kg) = ̂ ———————
Eio

where:

PEF = 3.34 x 109 m3/kg = Site-specific particulate emission factor
Q/C = 90.24 (g/m2-s)/(kg/m3) = Inverse of the mean cone, at the center of a

0.5 acre2 source

Eio = 0.036 x (1-V) x (U/Ut)3 x F(x) = Particulates less than 10 microns (PM10)
average annual emission flux (g/m2-hr)
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V = 0.5 = Fraction of Vegetative cover
Um = 4.29 m/sec = Mean Annual Windspeed at 7 m
U, = 11.32 m/sec = Threshold value of windspeed at 7 m

(from equation, below)
F(x) = 0.0992 = Function dependent upon Um/U,, based on

x = 2.34 = 0.886 x Ut/Um (Figure 4-3, Cowherd)
Ut = U*x (1/0.4) x In (z/z0)

where:
Ut = 11.32 m/s = Wind speed at height z
z = 700 cm = Height above surface (Cowherd)
z0 = 0.5 cm = Conservative roughness height (Figure 3-6,

Cowherd)
U* = 0.625 m/s = Friction velocity for assumed particle size 0.5mm

(Figure 3-4, Cowherd), corrected x 1.25 (EPA, 1996)

Calculation of the chemical-specific volatilization factor (VF) is as follows:

2

2xphxD

Where:

where:

VF = Chemical-Specific = Volatilization Factor
DA = Chemical-Specific = Apparent Diffusitivity (cm2/s)
Q/C = 90.24 = Inverse of the mean cone, at the center of a

0.5 acre2 source [(g/m2-s)/(kg/m3)]
T = 9.5 x 108 sec = Exposure interval
pb = 1.5 g/cm3 = Dry soil bulk density
0a = n-6w = Air-filled soil porosity
n = 1-(pb/p5) = Total soil porosity
9W = 0.15 = Air-filled soil porosity
ps = 2.65 g/cm3 = Soil particle density
D, = Chemical-Specific = Diffusitivity in air (cmz/s)
H' = Chemical-Specific = Henry's law constant (unitless)
Dw = Chemical-Specific = Diffusitivity in water (cm2/s)
Ka = KOC x ̂  (organics) = Soil-water partition coefficient
KOC = Chemical-Specific = Soil organic carbon coefficient (cm3/g)
foe = 0.006 = Fraction of organic carbon in soil

Screening Criteria Selection

The calculated SSLs for both inhalation of fugitive dust and inhalation of volatiles were compared
to the ingestion RBC value for residential soil to determine the screening criteria used to select
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COPCs. The screening value for total soil and test pit soil was selected as the lowest value of the
four criteria - ingestion of residential soil RBC, SSL for inhalation of fugitive dust, SSL for
inhalation of volatiles, and Ciat. The screening value for surface soil was selected as the lowest
value of two criteria - ingestion of residential soil RBC and SSL for inhalation of fugitive dust.

Example:

Tetrachloroethene (PCE)

Cancer

Noncancer

RBC value

12 mg/kg

SSL Inhalation of Volatiles

9.86 mg/kg

55.7 mg/kg (THQ = 0.1)

SSL Inhalation of Particulates

9.96x106mg/kg

5.62 x107 mg/kg (THQ = 0.1)

CMI for PCE is 235 mg/kg. Therefore, the soil screening value for PCE was selected as the SSL
Inhalation of Volatiles value of 9860 ug/kg for total soil and test pit soil; the ingestion RBC value
was selected as the SSL for PCE in surface soil.

Chemical-Specific Parameters Used in the Calculation of SSLs for Tetrachloroethene:

Inhalation of Fugitive Dust (Particulates) and Inhalation of Volatiles - Cancer
SF = 2.03 x 10"3 (mg/kg-day)"1

Inhalation of Fugitive Dust (Particulates) and Inhalation of Volatiles - Noncancer
RfD = 0.14 mg/kg-day

Derivation of VF and Csa,
VF = 3.31 x103m3/kg
DA = 2.47x10"3cm2/s
D, = 0.072 cm2/s
H' = 0.754
Dw = 8.20x10"6cm2/s
KOC = 155cm3/g

In addition to PCE, VF SSLs will be calculated for positively detected organic compounds and
PEF SSLs will be calculated for positively detected inorganic compounds.

Additional default values used for the calculation of SSLs were obtained from the EPA website
and are listed in the following tables.
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Equation Values for Inhalation of Fugitive Dust (Particulates)

Particulate Emission Value Noncarcinogenic Value Carcinogenic Value
Factor Parameter Parameter Parameter

Surface Area (acres) 0.5 Target Hazard 0.1 Target Risk 1.0E-6
Quotient (unitless) (unitless)

City (climate zone) Philadelphia(VIII) Exposure Duration 30 Exposure 30
(yrs) Duration {yrs)

Q/C (g/m2-s per kg/mj) 90.24 Exposure Frequency 350 Exposure 350
(day/yr) Frequency

(day/yr)

Fraction of vegetative 0.5 Average Lifetime 70
cover (unttless) (yrs)

Mean annual 4.29
windspeed (m/s)
Equivalent threshold 11.32
value of Windspeed at
7m (m/s)

Function dependent on 0.0993
LUU, (unitless)
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Equation Values for Inhalation of Volatiles

Volatilization Value Soil Saturation Value Noncarcinogenic Value Carcinogenic Value
Factor Parameter Parameter
Parameter

Concentration Parameter

Surface Area 0.5 Target Hazard 0.1 Target Risk 1 .OE-6
(acres) Quotient (unless) (unitless)
City (climate Philadelphia(VIII) Exposure Duration 30 Exposure Duration 30
zone) (yrs) (yrs)
Q/C (g/m2-s per 90.24 Exposure Frequency 350 Exposure 350
kg/m ) (day/yr) Frequency (day/yr)

Fraction organic 0.006 Fraction organic 0.006 Average Lifetime 70
carbon (unitless) carbon (unitless) (yrs)

Dry soil bulk 1.5 Dry soil bulk 1.5
density (g/cm3) density (g/cms)
Soil particle 2.65 Soil particle 2.65
density (g/cm3) density (g/cm3)
Water-filled soil 0.15 Water-filled soil 0.15
porosity porosity
(UrtfUf/L-loll) (l-WltBI/Ljoil)

Exposure interval 9.5e08
(s)
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Appendix J (Part 12, Table 20) (Associated with RAGs D 2.1 & 3.1
Data Useability Worksheet

Crossley Farm Site
Medium: Area Groundwater (Center of Plume)

Activity Comment
Field Sampling

Discuss sampling problems and field conditions
that affect data useability.

Are samples representative of receptor
exposure for this medium (e.g. sample depth,
grab vs. composite, filtered vs. non-filtered, low
flow, etc.)?
Assess the effect of field QC results on data
useability.

Summarize the effect of field sampling issues
on the risk assessment

Wells with very low yields, low purge volumes,
or wells that were inaccessible to submersible
pumps were purged with hand bailers. In
theory, this purging method could compromise
the VOC analyses for these wells by
excessively agitating the water prior to
sampling. Many of the low-yielding wells also
reported high groundwater turbidity values due
to the difficulty in properly developing these
wells. The high turbidity (suspended solids)
will impact the total metals analyses for these
wells.
Both total and dissolved metals analyses were
performed. The samples are representative of
receptor exposure for this medium.

Overall, the trip, field, and rinsate blanks were
generally non-detect for VOCs and SVOCs
with the exception of low levels of commonly
reported laboratory contaminants. Several of
the metals were qualified "B" due to the
presence of the metals in the blank samples.
The decision to use either the total or dissolved
metals analyses will greatly impact the risk
assessment.
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Appendix J (Part 12, Table 20) (Associated with RAGs D 2.1 & 3.1)
Data Useability Worksheet (continued)

Crossley Farm Site
Medium: Area Groundwater (Center of Plume)

Activity Comment
Analytical Techniques

Were the analytical methods appropriate for
quantitative risk assessment
Were detection limits adequate?

Summarize the effect of analytical technique
issues on the risk assessment, if applicable.

Yes. SW-846 methods were used for VOCs,
SVOCs, PCBs, and metals.
Yes. For all detected chemicals in
groundwater, the method detection limits were
less than the associated RBC values with the
exception of those chemicals* listed below. For
non-detected chemicals in groundwater,
several VOCs and SVOCs had several
quantitation limits that exceeded RBCs. No
available methods can achieve the RBC as a
detection limit. Recommend no changes to the
data set.
For detected chemicals, several VOCs (listed
below) had quantitation limits listed above RBC
values. However, the EPC for these VOCs
was selected as the maximum detected value,
therefore, analytical technique does not effect
the risk assessment.

*1,2-Dichloroethane - Max QL = 5000 ug/L. RBC = 0.12 ug/L. The QLs were elevated for all
samples, but the EPC was selected as the maximum positive value, which is not influenced by
non-detects. No available routine, analytical methods can achieve the RBC as a quantitation limit.
Recommend no changes to the data set.
*1,1-Dichloroethene - Max QL = 5000 ug/L. RBC = 0.044 ug/L. The QLs were elevated for all
samples, but the RME EPC was selected as the maximum positive value, which is not influenced
by non-detects. No available routine, analytical methods can achieve the RBC as a quantitation
limit. Recommend no changes to the data set.
*1,2-Dichloroethene (total) - Max QL = 5000 ug/L. RBC = 55 ug/L. The RME EPC was
selected as the 95%UCL. The majority of the positive hits were less than 300 ug/L, therefore the
non-detects that are less than 600 ug/L should be eliminated to prevent skewing of the data.
*1,1,2 -Trichloroethane - Max QL = 5000 ug/L. RBC = 0.19 ug/L. The QLs were elevated for all
samples, but the EPC was selected as the maximum positive value, which is not influenced by
non-detects. No available routine, analytical methods can achieve the RBC as a quantitation
limit. Recommend no changes to the data set.
"Benzene - Max QL = 5000 ug/L. RBC = 0.36 ug/L. The QLs were elevated for all samples, but
the EPC was selected as the maximum positive value, which is not influenced by non-detects. No
available routine, analytical methods can achieve the RBC as a quantitation limit. Recommend no
changes to the data set.
'Carbon Tetrachloride - Max QL = 5000 ug/L. RBC = 0.16 ug/L. The QLs were elevated for all
samples, but the RME EPC was selected as the maximum positive value, which is not influenced
by non-detects. No available methods can achieve the RBC as a quantitation limit. Recommend
no changes to the data set.
'Chlorobenzene - Max QL = 5000 ug/L. RBC = 110 ug/L. The QLs exceeded the RBC,
however, the positive value (0.8J ug/L) obtained was below the RBC. Recommend no changes
to the data set.
'Chloroform - Max QL = 5000 ug/L. RBC = 0.15 ug/L. The QLs were elevated for all samples,
but the RME EPC was selected as the maximum positive value, which is not influenced by non-
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detects. No available routine, analytical methods can achieve the RBC as a quantitation limit.
Recommend no changes to the data set.
'Trichlorofluoromethane - Max QL = 2000 ug/L. RBC = 1300 ug/L. The RME EPC was
selected as the 95%UCL The majority of the hits (3/4) were less than 200 ug/L, therefore the
non-detects below 400 ug/L should be eliminated to prevent skewing of the data.
'Tetrachloroethene - Max QL = 500 ug/L. RBC = 1.1 ug/L. The majority of the positive hits
were greater than the Max QL. Recommend no changes to the data set.
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Appendix J (Part 12, Table 20) (Associated with RAGs D 2.1 & 3.1)
Data Useability Worksheet (continued)

Crossley Farm Site
Medium: Area Groundwater (Center of Plume)

Activity Comment
Data Quality Objectives

Precision - How were the duplicates handled?

Accuracy - How were the split samples
handled?
Representativeness - indicate any problems
associated with data representativeness (e.g.
trip blank or rinsate blank contamination, chain
of custody problems, etc.)
Completeness - indicate any problems
associated with data completeness (e.g.
incorrect sample analysis, incomplete sample
records, problems with field procedures, etc.)
Comparability - indicate any problems
associated with data comparability.
Were the DQOs specified in the QAPP
satisfied?
Summarize the effect of DQO Issues on the
risk assessment, if applicable.

Duplicate samples are averaged together and
considered as one result. For duplicates where
one result is positive and the other result is a
non-detect, one-half of the non-detected value
is used to obtain an average concentration for
the duplicate sample. The true maximum is
used in the comparison of Max Value vs.
95%UCL to select the EPC. The true
maximum and minimums are also displayed in
the applicable column listing range of detection
in Table 2's and Table 3's.
Split samples were not obtained from these
wells.
No problems. B-qualifiers were added to some
data based on blank analysis. ["B" qualified
data was rejected for use in the quantitative
risk assessment].
No problems.

Split samples were not obtained from these
wells.
Yes.

No effect.
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Appendix J (Part 12, Table 20) (Associated with RAGs D 2.1 & 3.1
Data Useability Worksheet (continued)

Crossley Farm Site
Medium: Area Groundwater (Center of Plume)

Activity Comment
Data Validation and Interpretation

What are the data validation requirements?
What method or guidance was used to validate
the data?
Was the data validation method consistent with
guidance? Discuss and discrepancies.

Were all the qualifiers defined? Discuss those
which were not.
Which qualifiers represent useable data?
Which qualifiers represent unuseable data?

How are tentatively identified compounds
handled.

Summarize the effect of data validation and
interpretation issues on the risk assessment, if
applicable
Additional Notes.

100% data validation.
EPA Region III modifications lo the National
Functional Guidelines.
Yes. The National Functional Guidelines were
used in conjunction with method specific
criteria.
Yes.

J, K, L, U, UJ, UL.
B (blank contamination) represents unuseable
data.
TICs will not be used in the quantitative risk
assessment, however, they will be discussed
qualitatively.
No effect.

None.
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Appendix J (Part 12, Table 21) (Associated with RAGs D 2.2, 2.3 & 3.2, 3.3)
Data Useability Worksheet

Crossley Farm Site
Medium: Soil (Surface and Subsurface)

Activity Comment
Field Sampling

Discuss sampling problems and field conditions
that affect data useability.

Are samples representative of receptor
exposure for this medium (e.g. sample depth,
grab vs. composite, filtered vs. non-filtered, low
flow, etc.)?
Assess the effect of field QC results on data
useability.

Summarize the effect of field sampling issues
on the risk assessment

One surface and one subsurface soil sample
were obtained from a soil boring. No sampling
problems or unusual field conditions were
reported.
Analytical data were obtained for surface soils
and subsurface soils to a depth of 14 feet.
Sample depths are representative of receptor
exposure.
Overall, the trip, field, and rinsate blanks were
generally non-detect for VOCs and SVOCs
with the exception of low levels of commonly
reported laboratory contaminants. Several of
the metals were qualified "B" due to the
presence of the metals in the blank samples.
No major issues.
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Appendix J (Part 12, Table 21) (Associated with RAGs D 2.2, 2.3 & 3.2, 3.3)
Data Useability Worksheet (Continued)

Crossley Farm Site
Medium: Soil (Surface and Subsurface)

Activity Comment
Analytical Techniques

Were the analytical methods appropriate for
quantitative risk assessment
Were detection limits adequate?

Summarize the effect of analytical technique
issues on the risk assessment, if applicable.

Yes. SW-846 methods were used for VOCs,
SVOCs, and metals.
Yes. For all detected chemicals in surface and
subsurface soil, the method detection and
quantitation limits were less than the
associated RBC values with the exception of
the chemicals* listed below. For all non-
detected chemicals in surface and subsurface
soil, the method detection and quantitation
limits were less than the RBC values.
For detect chemicals, two SVOC (listed below)
and one inorganic (listed below) had method
detection or quantitation limits above RBC
values. However, the RME EPCs for these
chemicals were selected as the maximum
detected value, therefore, analytical technique
does not affect the risk assessment.

'Arsenic- Max DL = 0.94 mg/kg. RBC = 0.43 mg/kg. Only one DL exceeded the RBC. The
RME EPC was selected as the 95%UCL. Recommend no changes to the data set.
*Benzo(a)pyrene - Max QL = 430 ug/kg. RBC = 87 ug/kg. The one positive hit was greater than
twice the maximum quantitation limit. The RME EPC was selected as the 95% UCL. No available
routine, analytical methods can achieve the RBC as a quantitation limit. Recommend no changes
to the data set.
"Dibenz(a,h)anthracene - Max QL = 430 ug/kg RBC = 87 ug/kg. The maximum was selected
as the RME EPC. No available routine, analytical methods can achieve the RBC as a
quantitation limit. Recommend no changes to the data set.
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Appendix J (Part 12, Table 21) (Associated with RAGs D 2.2, 2.3 & 3.2, 3.3)
Data Useability Worksheet (Continued)

Crossley Farm Site
Medium: Soil (Surface and Subsurface)

Activity
Data Quality

Precision - How were the duplicates handled?

Accuracy - How were the split samples
handled?
Representativeness - indicate any problems
associated with data representativeness (e.g.
trip blank or rinsate blank contamination, chain
of custody problems, etc.)
Completeness - indicate any problems
associated with data completeness (e.g.
incorrect sample analysis, incomplete sample
records, problems with field procedures, etc.)
Comparability - indicate any problems
associated with data comparability.
Were the DQOs specified in the QAPP
satisfied?
Summarize the effect of DQO Issues on the
risk assessment, if applicable.

Comment
/ Objectives
Duplicate samples are averaged together and
considered as one result. For duplicates where
one result is positive and the other result is a
non-detect, one-half of the non-detected value
is used to obtain an average concentration for
the duplicate sample. The true maximum is
used in the comparison of Max Value vs.
95%UCL to select the RME EPC. The true
maximum and minimums are also displayed in
the applicable column listing range of detection
in Table 2's and Table 3's.
No split samples were obtained in surface or
subsurface soil samples.
No problems. B-qualifiers were added to some
data based on blank analysis. ["B" qualified
data was rejected for use in the quantitative
risk assessment].
No problems.

No split samples were obtained in surface or
subsurface soil samples.
Yes.

No effect.
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Appendix J (Part 12, Table 21) (Associated with RAGs D 2.2, 2.3 & 3.2, 3.3)
Data Useability Worksheet (Continued)

Crossley Farm Site
Medium: Soil (Surface and Subsurface)

Activity Comment
Data Validation and Interpretation

What are the data validation requirements?
What method or guidance was used to validate
the data?
Was the data validation method consistent with
guidance? Discuss and discrepancies.

Were all the qualifiers defined? Discuss those
which were not.
Which qualifiers represent useable data?
Which qualifiers represent unuseable data?

How are tentatively identified compounds
handled.

Summarize the effect of data validation and
interpretation issues on the risk assessment, if
applicable
Additional Notes.

100% data validation.
EPA Region III modifications to the National
Functional Guidelines.
Yes. The National Functional Guidelines were
used in conjunction with method specific
criteria.
Yes.

J, L, U, UL.
B (blank contamination) represents unuseable
data.
TICs will not be used in the quantitative risk
assessment, however, they will be discussed
qualitatively.
No effect.

None.
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Appendix J (Part 12, Table 22) (Associated with RAGs D 2.4 & 3.4)
Data Useability Worksheet

Crossley Farm Site
Medium: Test Pit Soil

Activity Comment
Field Sampling

Discuss sampling problems and field conditions
that affect data useability.

Are samples representative of receptor
exposure for this medium (e.g. sample depth,
grab vs. composite, filtered vs. non-filtered, low
flow, etc.)?
Assess the effect of field QC results on data
useability.

Summarize the effect of field sampling issues
on the risk assessment

One surface and one subsurface soil sample
were obtained from a soil boring. No sampling
problems or unusual field conditions were
reported.
Analytical data were obtained for surface soils
and subsurface soils to a depth of 14 feet.
Sample depths are representative of receptor
exposure.
Overall, the trip, field, and rinsate blanks were
generally non-detect for VOCs and SVOCs
with the exception of low levels of commonly
reported laboratory contaminants. Several of
the metals were qualified "B" due to the
presence of the metals in the blank samples.
No major issues.
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Appendix J (Part 12, Table 22) (Associated with RAGs D 2.4 & 3.4)
Data Useability Worksheet (Continued)

Crossley Farm Site
Medium: Test Pit Soil

Activity Comment
Analytical Techniques

Were the analytical methods appropriate for
quantitative risk assessment
Were detection limits adequate?

Summarize the effect of analytical technique
issues on the risk assessment, if applicable.

Yes. SW-846 methods were used for VOCs,
SVOCs, and metals.
Yes. For all detected chemicals in surface and
subsurface soil, the method detection and
quantitation limits were less than the
associated RBC values with the exception of
the chemicals* listed below. For all non-
detected chemicals in surface and subsurface
soil, the method detection and quantitation
limits were less than the RBC values.
For detect chemicals, SVOC (listed below) and
one inorganic (listed below) had method
detection or quantitation limits above RBC
values. However, the RME EPCs for these
chemicals were selected as the maximum
detected value, therefore, analytical technique
does not affect the risk assessment.

*Benzo(a)pyrene - Max QL = 440 ug/kg. RBC = 87 ug/kg. The RME EPC was selected as the
95% UCL. The majority of the positive hits were less than 300 ug/kg, therefore the non-detects
below 600 ug/kg should be eliminated to prevent skewing of the data. No available routine,
analytical methods can achieve the RBC as a quantitation limit.
*Dibenz(a,h)anthracene-MaxQL= 440 ug/kg. RBC = 87 ug/kg. Six QL's exceeded the RBC.
There were two positive hits of 60J and 790. The RME EPC was selected as the 95% UCL.
Recommend no changes to the data set.
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Appendix J (Part 12, Table 22) (Associated with RAGs D 2.4 & 3.4)
Data Useability Worksheet (Continued)

Crossley Farm Site
Medium: Test Pit Soil

Activity Comment
Data Quality Objectives

Precision - How were the duplicates handled?

Accuracy - How were the split samples
handled?
Representativeness - indicate any problems
associated with data representativeness (e.g.
trip blank or rinsate blank contamination, chain
of custody problems, etc.)
Completeness - indicate any problems
associated with data completeness (e.g.
incorrect sample analysis, incomplete sample
records, problems with field procedures, etc.)
Comparability - indicate any problems
associated with data comparability.
Were the DQOs specified in the QAPP
satisfied?
Summarize the effect of DQO Issues on the
risk assessment, if applicable.

Duplicate samples are averaged together and
considered as one result. For duplicates where
one result is positive and the other result is a
non-detect, one-half of the non-detected value
is used to obtain an average concentration for
the duplicate sample. The true maximum is
used in the comparison of Max Value vs.
95%UCL to select the RME EPC. The true
maximum and minimums are also displayed in
the applicable column listing range of detection
in Table 2's and Table 3's.
No split samples were obtained in surface or
subsurface soil samples.
No problems. B-qualifiers were added to some
data based on blank analysis. ["B" qualified
data was rejected for use in the quantitative
risk assessment].
No problems.

No split samples were obtained for Quarry 5 in
surface or subsurface soil samples.
Yes.

No effect.
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Appendix J (Part 12, Table 22) (Associated with RAGs D 2.4 & 3.4)
Data Useability Worksheet (Continued)

Crossley Farm Site
Medium: Test Pit Soil

Activity Comment
Data Validation and Interpretation

What are the data validation requirements?
What method or guidance was used to validate
the data?
Was the data validation method consistent with
guidance? Discuss and discrepancies.

Were all the qualifiers defined? Discuss those
which were not.
Which qualifiers represent useable data?
Which qualifiers represent unuseable data?

How are tentatively identified compounds
handled.

Summarize the effect of data validation and
interpretation issues on the risk assessment, if
applicable
Additional Notes.

100% data validation.
EPA Region III modifications to the National
Functional Guidelines.
Yes. The National Functional Guidelines were
used in conjunction with method specific
criteria.
Yes.

J, L, U, UL
B (blank contamination) represents unuseable
data.
TICs will not be used in the quantitative risk
assessment, however, they will be discussed
qualitatively.
No effect.

None.
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Appendix J (Part 12, Table 23) (Associated with RAGs D 2.5 through 2.14 & 3.5 through 3.14)
Data Useability Worksheet

Crossley Farm Site
Medium: Sediment

Activity Comment
Field Sampling

Discuss sampling problems and field conditions
that affect data useability.

Are samples representative of receptor
exposure for this medium (e.g. sample depth,
grab vs. composite, filtered vs. non-filtered, low
flow, etc.)?
Assess the effect of field QC results on data
useability.

Summarize the effect of field sampling issues
on the risk assessment

One sediment sample was obtained. No
sampling problems or unusual field conditions
were reported.
Analytical data were obtained for sediment.
Sediment samples are representative of
receptor exposure.

Overall, the trip, field, and rinsate blanks were
generally non-detect for VOCs and SVOCs
with the exception of low levels of commonly
reported laboratory contaminants. Several of
the metals were qualified "B" due to the
presence of the metals in the blank samples.
No major issues.

AR30I379



Appendix J (Part 12, Table 23) (Associated with RAGs D 2.5 through 2.14 & 3.5 through 3.14)
Data Useability Worksheet (Continued)

Crossley Farm Site
Medium: Sediment

Activity Comment
Analytical Techniques

Were the analytical methods appropriate for
quantitative risk assessment
Were detection limits adequate?

Summarize the effect of analytical technique
issues on the risk assessment, if applicable.

Yes. SW-846 methods were used for VOCs,
SVOCs, and metals.
Yes. For all detected chemicals in sediment,
the method detection and quantitation limits
were less than the associated RBC values with
the exception of the chemicals* listed below.
For all non-detected chemicals in sediment, the
method detection and quantitation limits were
less than the RBC values.
For detect chemicals, SVOC (listed below) and
one inorganic (listed below) had method
detection or quantitation limits above RBC
values. However, the RME EPCs for these
chemicals were selected as the maximum
detected value, therefore, analytical technique
does not affect the risk assessment.

*Aldrin - Max QL = 61.7 ug/kg. RBC = 38 ug/kg. The RME EPC was selected as the maximum.
Recommend no changes to the data set.

*Aroclor-1254-MaxQL= 1018 ug/kg. RBC = 320 ug/kg. The RME EPC was selected as the
maximum. Recommend no changes to the data set.

*Benzo(a)anthracene - Max QL = 1352 ug/kg. RBC = 870 ug/kg. The RME EPC was selected
as the maximum. Recommend no changes to the data set.

*Benzo(a)pyrene - Max QL = 1352 ug/kg. RBC = 87 ug/kg. The RME EPC was selected as the
maximum. Recommend no changes to the data set.

*Benzo(b)fluoranthene - Max QL = 1352 ug/kg. RBC = 870 ug/kg. The RME EPC was selected
as the maximum. Recommend no changes to the data set.

*Dieldrin - Max QL = 92 ug/kg. RBC = 40 ug/kg. The RME EPC was selected as the maximum.
Recommend no changes to the data set.

*lndeno(1,2,3-cd)pyrene - Max QL = 1352 ug/kg. RBC = 870 ug/kg. The RME EPC was
selected as the maximum. Recommend no changes to the data set.
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Appendix J (Part 12, Table 23) (Associated with RAGs D 2.5 through 2.14 & 3.5 through 3.14)
Data Useability Worksheet (Continued)

Crossley Farm Site
Medium: Sediment

Activity Comment
Data Quality Objectives

Precision - How were the duplicates handled?

Accuracy - How were the split samples
handled?
Representativeness - indicate any problems
associated with data representativeness (e.g.
trip blank or rinsate blank contamination, chain
of custody problems, etc.)
Completeness - indicate any problems
associated with data completeness (e.g.
incorrect sample analysis, incomplete sample
records, problems with field procedures, etc.)
Comparability - indicate any problems
associated with data comparability.
Were the DQOs specified in the QAPP
satisfied?
Summarize the effect of DQO Issues on the
risk assessment, if applicable.

Duplicate samples are averaged together and
considered as one result. For duplicates where
one result is positive and the other result is a
non-detect, one-half of the non-detected value
is used to obtain an average concentration for
the duplicate sample. The true maximum is
used in the comparison of Max Value vs.
95%UCL to select the RME EPC. The true
maximum and minimums are also displayed in
the applicable column listing range of detection
in Table 2's and Table 3's.
No split samples were obtained in sediment
samples.
No problems. B-qualifiers were added to some
data based on blank analysis. ["B" qualified
data was rejected for use in the quantitative
risk assessment].
No problems.

No split samples were obtained in sediment
samples.
Yes.

No effect.
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Appendix J (Part 12, Table 23) (Associated with RAGs D 2.5 through 2.14 & 3.5 through 3.14)
Data Useability Worksheet (Continued)

Crossley Farm Site
Medium: Sediment

Activity Comment
Data Validation and Interpretation

What are the data validation requirements?
What method or guidance was used to validate
the data?
Was the data validation method consistent with
guidance? Discuss and discrepancies.

Were all the qualifiers defined? Discuss those
which were not.
Which qualifiers represent useable data?
Which qualifiers represent unuseable data?

How are tentatively identified compounds
handled.

Summarize the effect of data validation and
interpretation issues on the risk assessment, if
applicable
Additional Notes.

100% data validation.
EPA Region III modifications to the National
Functional Guidelines.
Yes. The National Functional Guidelines were
used in conjunction with method specific
criteria.
Yes.

J, L, U, UL
B (blank contamination) represents unuseable
data.
TICs will not be used in the quantitative risk
assessment, however, they will be discussed
qualitatively.
No effect.

None.
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Appendix J (Part 12, Table 24) (Associated with RAGs D 2.15 through 2.24 & 3.15 through 3.24)
Data Useability Worksheet

Crossley Farm Site
Medium: Surface Water

Activity Comment
Field Sampling

Discuss sampling problems and field conditions
that affect data useability.

Are samples representative of receptor
exposure for this medium (e.g. sample depth,
grab vs. composite, filtered vs. non-filtered, low
flow, etc.)?
Assess the effect of field QC results on data
useability.

Summarize the effect of field sampling issues
on the risk assessment

One surface water sample was obtained. No
sampling problems or unusual field conditions
were reported.
Analytical data were obtained for surface
water. Samples are representative of receptor
exposure.

Overall, the trip, field, and rinsate blanks were
generally non-detect for VOCs and SVOCs
with the exception of low levels of commonly
reported laboratory contaminants. Several of
the metals were qualified "B" due to the
presence of the rnetals in the blank samples.
No major issues.
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Appendix J (Part 12, Table 24) (Associated with RAGs D 2.15 through 2.24 & 3.15 through 3.24)
Data Useability Worksheet (Continued)

Crossley Farm Site
Medium: Surface Water

Activity Comment
Analytical Techniques

Were the analytical methods appropriate for
quantitative risk assessment
Were detection limits adequate?

Summarize the effect of analytical technique
issues on the risk assessment, if applicable.

Yes. SW-846 methods were used for VOCs,
SVOCs, and metals.
Yes. For all detected chemicals in surface
water, the method detection and quantitation
limits were less than the associated RBC
values with the exception of the chemicals*
listed below. For all non-detected chemicals in
surface water, the method detection and
quantitation limits were less than the RBC
values.
For detect chemicals, SVOC (listed below) and
one inorganic (listed below) had method
detection or quantitation limits above RBC
values. However, the RME EPCs for these
chemicals were selected as the maximum
detected value, therefore, analytical technique
does not affect the risk assessment.

•Arsenic - Max QL = 6.0 ug/L. RBC = 0.045 ug/L. The RME EPC was selected as the maximum.
Recommend no changes to the data set.

*1,1,2-Trichloroethane - Max QL = 180 ug/L. RBC = 0.19 UG/L. The RME EPC was selected
as the maximum. Recommend no changes to the data set.

*1,1-Dichloroethene - Max QL = 180 ug/L. RBC = 0.044 ug/L The RME EPC was selected as
the maximum. Recommend no changes to the data set.

*1,2-Dichloroethane - Max QL = 180 ug/L. RBC = 0.12 ug/L. The RME EPC was selected as
the maximum. Recommend no changes to the data set.

*Aroclor-1260 - Max QL = 1.0 ug/L. RBC = 0.033 ug/L. The RME EPC was selected as the
maximum. Recommend no changes to the data set.

•Chloroform - Max QL = 180 ug/L. RBC = 0.15 ug/L. The RME EPC was selected as the
maximum. Recommend no changes to the data set.

'Chloromethane - Max QL = 180 ug/L. RBC = 2.1 ug/L. The RME EPC was selected as the
maximum. Recommend no changes to the data set.

•Tetrachloroethene - Max QL = 10 ug/L. RBC = 1.1 ug/L. The RME EPC was selected as the
maximum. Recommend no changes to the data set.

'Thallium - Max QL = 7 ug/L. RBC = 2.6 ug/L. The RME EPC was selected as the maximum.
Recommend no changes to the data set.

*Trichloroethene - Max QL = 10.9 ug/L. RBC = 1.6 ug/L. The RME EPC was selected as the
maximum. Recommend no changes to the data set.
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'Vinyl Chloride - Max QL = 180 ug/L. RBC = 0.019 ug/L. The RME EPC was selected as the
maximum. Recommend no changes to the data set.
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Appendix J (Part 12, Table 24) (Associated with RAGs D 2.15 through 2.24 & 3.15 through 3.24)
Data Useability Worksheet (Continued)

Crossley Farm Site
Medium: Surface Water

Activity
Data Quality

Precision - How were the duplicates handled?

Accuracy - How were the split samples
handled?
Representativeness - indicate any problems
associated with data representativeness (e.g.
trip blank or rinsate blank contamination, chain
of custody problems, etc.)
Completeness - indicate any problems
associated with data completeness (e.g.
incorrect sample analysis, incomplete sample
records, problems with field procedures, etc.)
Comparability - indicate any problems
associated with data comparability.
Were the DQOs specified in the QAPP
satisfied?
Summarize the effect of DQO Issues on the
risk assessment, if applicable.

Comment
/ Objectives
Duplicate samples are averaged together and
considered as one result. For duplicates where
one result is positive and the other result is a
non-detect, one-half of the non-detected value
is used to obtain an average concentration for
the duplicate sample. The true maximum is
used in the comparison of Max Value vs.
95%UCL to select the RME EPC. The true
maximum and minimums are also displayed in
the applicable column listing range of detection
in Table 2's and Table 3's.
No split samples were obtained in surface
water samples.
No problems. B-qualifiers were added to some
data based on blank analysis. ["B" qualified
data was rejected for use in the quantitative
risk assessment].
No problems.

No split samples were obtained in surface
water samples.
Yes.

No effect.
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Appendix J (Part 12, Table 24) (Associated with RAGs D 2.15 through 2.24 & 3.15 through 3.24)
Data Useability Worksheet (Continued)

Crossley Farm Site
Medium: Surface Water

Activity Comment
Data Validation and Interpretation

What are the data validation requirements?
What method or guidance was used to validate
the data?
Was the data validation method consistent with
guidance? Discuss and discrepancies.

Were all the qualifiers defined? Discuss those
which were not.
Which qualifiers represent useable data?
Which qualifiers represent unuseable data?

How are tentatively identified compounds
handled.

Summarize the effect of data validation and
interpretation issues on the risk assessment, if
applicable
Additional Notes.

100% data validation.
EPA Region III modifications to the National
Functional Guidelines.
Yes. The National Functional Guidelines were
used in conjunction with method specific
criteria.
Yes.

J, L, U, UL.
B (blank contamination) represents unuseable
data.
TICs will not be used in the quantitative risk
assessment, however, they will be discussed
qualitatively.
No effect.

None.

AR30I387



Appendix J (Part 13)

Toxicological Profiles

AR30I388



Appendix J (Part 13)

Toxicological Profiles
J.1 Acetone

J.1.1 Non-carcinogenic Toxicitv

EPA (2000b) published an oral reference dose RfD of 1.00E-01 mg/kg/day based on increased
kidney and liver weights and nephrotoxicity in an oral subchronic rats study. EPA (2000b) has not
published a reference concentration (RfC) or Inhalation reference dose (RfD) for acetone.

J.1.2 Carcinoaenicitv

EPA (2000b) classifies acetone as a cancer weight-of-evidence Group D substance (not
classifiable as to carcinogenicity in humans).

J.2 Aluminum

J.2.1 Non-carcinogenic Toxicitv

Aluminum is not generally regarded as an industrial poison. Inhalation of finely divided powders
has been reported as a cause of pulmonary fibrosis. Aluminum in aerosols has been implicated
in Alzheimer's disease. EPA (2000a) presented an oral RfD of 1.00E+00 mg/kg/day (NCEA).
EPA (2000a) presented an inhalation RfD of 1.00E-03 mg/kg/day (NCEA).

J.2.2 Carcinoqenicitv

No oral or inhalation SFs are available for aluminum (EPA, 1997, 2000a, 2000b).

J.3 Arsenic

J.3.1 Pharmacokinetics

Several studies confirm that soluble inorganic arsenic compounds and organic arsenic
compounds are almost completely (>90 percent) absorbed from the Gl tract in both animals and
humans (Ishinishi et al. 1986). The absorption efficiency of insoluble inorganic arsenic
compounds depends on particle size and stomach pH. Initial distribution of absorbed arsenic is
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to the liver, kidneys, and lungs, followed by redistribution to hair, nails, teeth, bone, and skin,
which are considered tissues of accumulation. Arsenic has a longer half-life in the blood of rats,
compared with other animals and humans, because of firm binding to the hemoglobin in
erythrocytes.

Metabolism of inorganic arsenic includes reversible oxidation-reduction so that both arsenite
(valence of 3) and arsenate (valence of 5) are present in the urine of animals treated with arsenic
of either valence (Ishinishi et al. 1986). Arsenite is subsequently oxidized and methylated by a
saturable mechanism to form mono- or dimethylarsenate; the latter is the predominant metabolite
in the urine of animals or humans. Organic arsenic compounds (arsenilic acid, cacodylic acid)
are not readily converted to inorganic arsenic. Excretion of organic or inorganic arsenic is largely
via the urine, but considerable species variation exists. Continuously exposed humans appear to
excrete 60 to 70 percent of their daily intake of arsenate or arsenite via the urine.

J.3.2 Non-carcinogenic Toxicitv

A lethal dose of arsenic trioxide in humans is 70 to 180 mg (approximately 50 to 140 mg arsenic;
Ishinishi et al. 1986). Acute oral exposure of humans to high doses of arsenic produce liver swelling,
skin lesions, disturbed heart function, and neurological effects. The only non-carcinogenic effects in
humans clearly attributable to chronic oral exposure to arsenic are dermal hyperpigmentation and
keratosis, as revealed by studies of several hundred Chinese exposed to naturally occurring arsenic
in well water (Tseng 1977; Tseng et al. 1968; EPA 2000b). Similar effects were observed in persons
exposed to high levels of arsenic in water in Utah and the northern part of Mexico (Cebrian et al.
1983; Southwick et al. 1983). Occupational (predominantly inhalation) exposure is also associated
with neurological deficits, anemia, and cardiovascular effects (Ishinishi et al. 1986), but concomitant
exposure to other chemicals cannot be ruled out. EPA (2000b) derived an RfD of 3.00E-04
mg/kg/day for chronic oral exposure, based on an NOAEL of 0.0008 mg/kg/day for skin lesions from
the Chinese data. An uncertainty of 3 is applied to account for both the lack of data to preclude
reproductive toxicity as a critical effect and to account for some of the uncertainty in whether the
NOAEL of the critical study accounts for all sensitive individuals. The principal target organ for
arsenic appears to be the skin. The nervous system and cardiovascular systems appear to be less
significant target organs. Inorganic arsenic may be an essential nutrient, exerting beneficial effects
on growth, health, and feed conversion efficiency (Underwood 1977). EPA (2000b) has not
published an RfC or Inhalation RfD for arsenic.

J.3.3 Carcinooenicitv
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Inorganic arsenic is clearly a carcinogen in humans. Inhalation exposure is associated with
increased risk of lung cancer in persons employed as smelter workers, in arsenical pesticide
applicators, and in a population residing near a pesticide manufacturing plant (EPA 2000b). Oral
exposure to high levels in well water is associated with increased risk of skin cancer (Tseng 1977;
EPA 2000b). Extensive animal testing with various forms of arsenic given by many routes of
exposure to several species, however, has not demonstrated the carcinogenicity of arsenic
(International Agency for Research on Cancer [IARC] 1980). EPA (2000b) classifies inorganic
arsenic in cancer weight-of-evidence Group A (human carcinogen), and recommends an oral unit
risk of 0.00005 ug/L in drinking water, based on the incidence of skin cancer in the Tseng (1977)
study. EPA (2000b) published an oral SF of 1.50E+00 per mg/kg/day. EPA (2000b) notes that
the uncertainties associated with the oral unit risk are considerably less than those for most
carcinogens, so that the unit risk might be reduced an order of magnitude. An inhalation unit risk
of 0.0043 per ug/m3, equivalent to an inhalation SF of 1.51E+01 per mg/kg/day, was derived for
inorganic arsenic from the incidence of lung cancer in occupationally exposed men (EPA 2000b).

J.4 Barium

J.4.1 Non-carcinogenic Toxicitv

Barium is a naturally occurring alkaline earth metal that comprises approximately 0.04 percent of
the earth's crust (Reeves 1986a). Acute oral toxicity was manifested by Gl upset, altered cardiac
performance, and transient hypertension, convulsions, and muscular paralysis. Repeated oral
exposures were associated with hypertension. Occupational exposure to insoluble barium sulfate
induced benign pneumoconiosis (ACGIH 1991). EPA (2000b) published a verified chronic oral
RfD of 7.00E-02 mg/kg/day, based on an NOAEL of 0.21 mg/kg/day in a ten-week study in
humans exposed to barium in drinking water and an uncertainty factor of 3. The uncertainty
factor of 3 is assigned to the oral RfD to account for a lack of potential differences between adults
and children. The critical effects seen were hypertension and the data suggested possible renal
effects in animal and human studies. EPA (1997) presented an inhalation RfD of 1.43E-04
mg/kg/day based on a fetotoxicity study in rats.

J.4.2 Carcinogenicitv

EPA (2000b) considers barium as not likely to be a human carcinogen, however, the lack of
adequate inhalation studies preclude EPA from classifying barium as a cancer weight-of-evidence
Group D substance (not classifiable as to carcinogenicity in humans).
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J.5 Benzene

J.5.1 Non-carcinogenic Toxicity

In humans, short-term inhalation exposure to benzene induced CNS effects such as drowsiness,
dizziness, and headaches; long-term exposure induced anemia (ACGIH 1991). Oral dosing in
animals induced hematopoietic effects (ATSDR 1995c). EPA (2000a) published an oral RfD of
3.00E-03 mg/kg/day (NCEA). EPA (2000a) presented an inhalation RfD of 1.70E-03 mg/kg/day
(NCEA). The immune system, hematopoietic system, and CNS are the apparent target organs of
benzene.

J.5.2 Carcinoqenicitv

EPA (2000b) classifies benzene in cancer weight-of-evidence Group A (human carcinogen)
based on several studies of increased risk of non-lymphocytic leukemia associated with
occupational exposure, supported by an increased incidence of neoplasia in rats and mice
exposed by inhalation and gavage. A verified oral SF of 5.50E-02 per mg/kg/day (EPA 2000b)

and an inhalation SF of 2.90E-02 per mg/kg/day are based on the increased incidence of
leukemia in several occupational (inhalation exposure) studies.

J.6 Beryllium

J.6.1 Non-carcinogenic Toxicitv

Beryllium has a low order of toxicity when ingested because it is poorly absorbed from the Gl tract
(Reeves 1986b). Occupational exposure was associated with dermatitis, acute pneumonitis, and
chronic pulmonary granulomatosis (berylliosis). Berylliosis was also observed in humans living in
the vicinity of a beryllium plant. Similar pulmonary effects were observed in laboratory animals
subjected to inhalation exposure. A verified chronic oral RfD value of 2.00E-03 mg/kg/day (EPA
2000b) was based on small intestinal lesions in a dog dietary study and an uncertainty factor of
300 (EPA 2000b). EPA (2000a) presented an inhalation RfD of 5.70E-06 mg/kg/day (NCEA). The
Gl Tract, respiratory and immune system are the apparent target organs of beryllium.

J.6.2 Carcinogenicitv

EPA (2000b) classifies beryllium in cancer weight-of-evidence Group B1 (probable human
carcinogen) based on limited evidence of carcinogenicity in human exposed to airborne beryllium
(lung cancer) and sufficient evidence of carcinogenicity in animals (lung cancer in rats and
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monkeys inhaling beryllium, lung tumors in rats exposed to beryllium via intratracheal instillation,
and osteosarcomas in rabbits and possibly mice receiving intravenous or intramedullary
injection), beryllium is reclassified from a B2 to a B1 using criteria of the 1986 Guidelines for
Carcinogen Risk Assessment. The oral database is considered inadequate for the assessment of
carcinogenicity. An inhalation unit risk of 0.0024 per (o.g/m3, equivalent to 8.4 per mg/kg/day
(EPA 1997) (assuming an inhalation rate of 20 m3/day and body weight of 70 kg for humans),
was derived from an occupational study.

J.7 2-Butanone (Methyl Ethyl Ketone)

J.7.1 Non-carcinogenic Toxicitv

EPA (2000b) has published an oral RfD of 6.00E-01 mg/kg/day for 2-butanone based on a
decrease in fetal birth weight in a multigeneration/developmental rat feeding study (Cox et al.,
1975). EPA (2000b) has published an inhalation RfD of 2.86E-01 mg/kg/day for 2-butanone
based on a decrease in fetal birth weight in a mouse developmental study (Schwetz et al., 1991;
Mastetal., 1989).

J.7.2 Carcinoqenicitv

EPA classifies 2-butanone in weight of evidence group D (not classified), based on inadequate
animal studies and lack of human data.

J.8 Carbon Disulfide

J.8.1 Non-carcinogenic Toxicitv

EPA (2000b) has published an oral RfD of 1 .OOE-01 mg/kg/day for carbon disulfide based on fetal
toxicity/malformations in a rabbit teratogenic study (Hardin, et al., 1981). EPA (2000b) has
published an inhalation RfD of 2.OOE-01 mg/kg/day for carbon disulfide based on peripheral
nervous system dysfunction in an occupational study (Johnson et al., 1983).

J.8.2 Carcinooenicitv

The potential for carbon disulfide as a human carcinogen is unknown at this time because a
complete evaluation and determination has not performed under US EPA's IRIS program.
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J.9 Carbon Tetrachloride

J.9.1 Noncarcinogenic Toxicity

Carbon tetrachloride is a classic hepatotoxicant in humans and animals exposed by any route
(ATSDR 1989a). High exposure levels also induced kidney effects in animals. Occupational
exposure was associated with CNS and liver effects (ACGIH 1991). The principal target organs
for the toxicity of carbon tetrachloride are the liver and the CNS. The liver is considered the most
sensitive target organ for evaluating chronic oral or inhalation exposure. The kidney is also a
target in animals exposed to high levels.

J.9.2 Carcinooenicitv

Carbon tetrachloride is classified in cancer weight-of-evidence Group B2 (probable human
carcinogen), based on increased incidence of liver tumors in rats, mice, and hamsters treated
orally or by subcutaneous injection (EPA 1994). A verified oral slope factor of 0.13 per mg/kg/day
was based on liver tumor data from gavage studies in all three species previously mentioned
(EPA2000b).

J.10 Chloroform

J.10.1 Non-carcinogenic Toxicitv

Oral or inhalation exposure of animals to chloroform was associated with liver and kidney
damage (ACGIH 1991; EPA 2000b). In humans, acute inhalation exposure to high levels induced
narcosis, ventricular fibrillation, and death (ACGIH 1991). Limited occupational data associated
chronic exposure to chloroform with CNS depression, digestive disturbances, and enlarged livers.
EPA (2000b) presented a verified chronic oral RfD of 1 .OOE-02 mg/kg/day based on an LOAEL
for fatty cyst formation in the livers of dogs treated orally for 7.5 years and an uncertainty factor of
1,000. EPA (2000a) presented an inhalation RfD of 8.60E-05 mg/kg/day (NCEA). Target organs
for the toxicity of chloroform include the liver and kidney for oral and inhalation exposure, and the
blood for inhalation exposure.

J.10.2 Carcinogenic it v

Chloroform is classified as a cancer weight-of-evidence Group B2 compound (probable human
carcinogen), based on increased incidence of several tumor types in rats and liver tumors in mice
(EPA 2000b). Human carcinogenicity data are inadequate. An oral SF of 6.10E-03 per
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mg/kg/day (EPA 2000b) was derived from the incidence of kidney tumors in rats treated with
chloroform in drinking water for two years. An inhalation unit risk of 2.3E-05 per ug/m3,
equivalent to 8.10E-02 per mg/kg/day, was based on the incidence of hepatocellular carcinomas
in mice treated by gavage for 78 weeks (EPA 2000b).

J.11 Chloromethane

J.11.1 Non-carcinogenic Toxicitv

Chloromethane is a natural and ubiquitous constituent of the oceans and atmosphere. It is a
product of biomass combustion and is produced by wood rotting fungi. It has been detected in
surface waters, drinking water, groundwater and soil. It is the dominant organochlorine species in
the atmosphere. In water it is expected to volatilize rapidly with a half-life of > 25 hours. In air it
has a half life of about 1.5 years. In soil it is expected to volatilize from the surface but in a landfill
will probably leach to groundwater.

Information regarding health effects of Chloromethane in humans and animals is available only for
the inhalation route of exposure. Before its use as a refrigerant declined about 30 or more years
ago, many human deaths were reported as a result of exposure to Chloromethane vapors from
leaks from home refrigerators and industrial cooling and refrigeration systems. (ATSDR, 1989b).

J.11.2 Carcinogenicity

A retrospective epidemiology study of male workers exposed to Chloromethane in a butyl rubber
manufacturing plant produced no statistical evidence that the rates of deaths due to cancer at any
sit were increased in the exposed population when compared with U. S. Mortality rates. (ATSDR,
1989b)

EPA classifies Chloromethane as Group C, a possible human carcinogen, based on some
evidence of carcinogenicity in animals.

J.12 Chromium

J.12.1 Non-carcinogenic Toxicitv

In nature, chromium (III) predominates over chromium (VI) (Langard and Norseth 1986). Little
chromium (VI) exists in biological materials, except shortly after exposure, because reduction to
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chromium (III) occurs rapidly. Chromium (III) is considered a nutritionally essential trace element
and is considerably less toxic than chromium (VI).

No effects were observed in rats consuming 1800mg chromium (IH)/kg/day in the diet for over
two years (EPA 2000b). The NOEL of 1800 mg/kg/day and an uncertainty factor of 1,000 was
the basis for a verified chronic oral RfD of 1 .OE+00 mg/kg/day (EPA 2000b). A target organ was
not identified for chromium (III).

Acute oral exposure of humans to high doses of chromium (VI) induced neurological effects, Gl
hemorrhage and fluid loss, and kidney and liver effects. Parenteral dosing of animals with
chromium (VI) is selectively toxic to the kidney tubules. An NOAEL of 2.4 mg chromium
(Vl)/kg/day in a one-year drinking water study in rats was the basis of a verified RfD of 3.00E-03
mg/kg/day for chronic oral exposure (EPA 2000b). An uncertainty factor of 900 represents two
10-fold decreases in dose to account for both the expected interhuman and interspecies
variability in the toxicity of the chemical in lieu of specific data and an additional factor of 3 to
compensate for the less-than-lifetime exposure duration of the study (EPA 2000b). The kidney
may be the principal target organ for repeated oral dosing with chromium (VI), but effects seen in
the principal RfD study were increased levels of chromium (VI) in kidneys, livers, and femurs of
test subjects.

EPA (2000b) published an inhalation RfC of 0.0004 mg/m3, equivalent to 3.00E-05 mg/kg/day,
based on a BMD of 0.016 mg/m3 in a rat subchronic study. Critical effects seen were lactate
dehydrogenase in broncnioalveolar lavage fluid. An uncertainty factor of 300 was applied to the
inhalation RfC based on a accounting for pharmacodyna differences not accounted for, and a 10-
fold factor to account for the less than lifetime exposure and a 10-fold factor to account for
variation in the human population (EPA 1988).

J.12.2 Carcinoqenicitv

Data were not located regarding the carcinogenicity of chromium (III). EPA (2000b) classifies
chromium (VI) in cancer weight-of-evidence Group D (not classifiable regarding human
carcinogenicity), via the oral route of exposure. EPA (2000b) classifies chromium (VI) in cancer
weight-of-evidence Group A (human carcinogen), via inhalation exposure based on the consistent
observation of increased risk of lung cancer in occupational studies of workers in chromate
production or the chrome pigment industry. Parenteral dosing of animals with chromium (VI)
compounds consistently induced injection-site tumors, inhalation unit risk of 0.012 per ug/m3,
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equivalent to 4.10E+01 per mg/kg/day (EPA 2000b), assuming humans inhale 20 m3/day and
weigh 70 kg, was based on increased risk of lung cancer deaths in chromate production workers.

J.13 Cobalt

J.13.1 Non-carcinogenic Toxicitv

Acute high oral or parenteral doses of cobalt in humans or animals induced myocardial
degeneration often leading to mortality, erythropoiesis, enlarged thyroid, and, in animals, renal
tubular degeneration (Elinder and Friberg 1986). Chronic ingestion from the consumption of beer
containing high concentrations of cobalt was associated with "beer-drinkers cardiomyopathy,"
which includes polycythemia and goiter, as well as marked myocardial degeneration and
mortality. The therapeutic use of 0.16 to 0.32 mg cobalt/kg/day in anemic, anephric dialysis
patients for 12 to 32 weeks induced a significant, but reversible, rise in blood hemoglobin
concentration (EPA 1992).

Occupational (inhalation and dermal) exposure was associated with allergic dermatitis, chronic
interstitial pneumonitis, reversibly impaired lung function, occupational asthma, and myocardial
effects (ACGIH 1991). Cobalt was determined to be the etiologic factor in hard metal disease,
the syndrome of respiratory symptoms, and pneumoconiosis associated with inhalation exposure
to dusts containing tungsten carbide with cobalt powder as a binder (Elinder and Friberg 1986).
The lowest occupational air concentration of cobalt associated with hard metal disease was 0.003
mg cobalt/m3 (Sprince et al. 1988). It should be noted that the workers were also exposed to
tungsten and sometimes to titanium, tantalum, and niobium (Elinder and Friberg 1986). Similar
lung effects were seen in animals exposed to cobalt by inhalation.

The developmental toxicity of cobalt was tested in rodents treated orally with cobalt chloride (EPA
1992). Maternal effects (unspecified) were reported in rats treated with 5.4 to 21.8 mg
cobalt/kg/day from gestation day 14 through lactation day 21. Effects on the offspring included
stunted growth at 5.4 mg cobalt/kg/day and reduced survival at 21.8 mg cobalt/kg/day. In rats
treated with 6.2, 12.4, or 24.8 mg cobalt/kg/day on gestation days 6 through 15, maternal effects
included reduced food consumption and body weight gain and altered hematologic parameters,
although it is unclear at what dose level(s) these effects occurred. There were no effects on fetal
survival, although a nonsignificant increase in fetal stunting was observed in rats treated with 12.4
mg cobalt/kg/day. Mice treated with 81.7 mg cobalt/kg/day had reduced maternal weight gain,
but no fetal effects.
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Several studies reported testicular degeneration and atrophy in rats treated with cobalt chloride in
the diet or drinking water at concentrations equivalent to doses of 5.7 to 30.2 mg cobalt/kg/day
(EPA 1992). Cobalt is nutritionally essential as a cofactor in cyanocobalamin (vitamin B12) (EPA
1992). Cobalt is universally present in the diet. Average daily adult dietary intakes of cobalt
range from 0.16 to 0.58 mg/day (0.002 to 0.008 mg/kg/day, assuming adults weigh 70 kg) (Tipton
et al. 1966; Schroeder et al. 1967). In 9- to 12-year-old children, dietary intakes of cobalt range
from 0.3 to 1.77 mg/day (Murthy et al. 1971; National Research Council 1989). Assuming an
average weight for children in this age range of 28 kg (National Research Council, 1989), the
dietary intakes are equivalent to 0.01 to 0.06 mg/kg/day.

EPA (2000a) presented an oral RfD for cobalt of 6.00E-02 mg/kg/day based on the upper range
of dietary intake for children (NCEA). Important target organs in orally exposed humans are the
heart and erythrocyte. EPA (2000b) has not published an RfC or Inhalation RfD for cobalt.

J.13.2 Carcinoaenicitv

Data regarding the carcinogenicity of cobalt were not available (EPA 2000b).

J.14 Copper

J.14.1 Non-carcinogenic Toxicitv

Copper is a nutritionally essential element that functions as a cofactor in several enzyme systems
(Aaseth and Norseth 1986). Acute exposure to large oral doses of copper salts was associated
with Gl disturbances, hemolysis, and liver and kidney lesions. Chronic oral toxicity in humans
has not been reported. Chronic oral exposure of animals was associated with an iron-deficiency
type of anemia, hemolysis, and lesions in the liver and kidneys. Occupational exposure may
induce metal fume fever, and, in cases of chronic exposure to high levels, hemolysis and anemia
(ACGIH 1991). EPA (2000a) presented an oral RfD of 4.00E-02 mg/kg/day based on Gl Tract
effects (EPA 1997, NCEA). EPA (2000b) has not published an RfC or Inhalation RfD for cobalt.

J.14.2 Carcinooenicitv

Copper is classified in cancer weight-of-evidence Group D (not classifiable as to carcinogenicity
to humans) (EPA 2000b).
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J.15 Cyanide

J.15.1 Non-carcinogenic Toxicity

EPA (2000b) published a oral RfD of 2.00E-02 mg/kg/day for cyanide based on a NOAEL in a rat
chronic oral feeding study based on effects measured such as weight loss, thyroid effects, and
myelin degeneration. EPA (2000b) has not published an RfC or Inhalation RfD for cyanide.

J.15.2 Carcinoqenicitv

EPA (2000b) classifies cyanide in cancer weight-of-evidence Group D (not classifiable as to
carcinogenicity to humans).

J.16 DOT (4,4T-Dichlorodiphenyl-Trichloroethane)

J.16.1 Pnarmacokinetics

Dichlorodiphenyltrichloroethane (DOT) is readily absorbed when dissolved in oils, fats, or lipid
solvents, but is poorly absorbed as dry powder or aqueous suspension. Once absorbed, DOT
concentrates in adipose tissue. Storage in fat is protective because it decreases the amount of
chemicals at the site of toxic action, the brain. At a constant rate of intake, concentrations in
adipose tissue reach a steady state and remain relatively constant. When exposure ceases, DOT
is slowly eliminated. The rate of elimination is estimated to be 1 percent of stored DOT excreted
per day (Gartrell 1985).

After absorption in mammals, DOT degrades by dehydrochlorination to unsaturated DDE and by
substitution of hydrogen for one chlorine atom yielding ODD. ODD is further metabolized through
a series of intermediates yielding DDA. DDA is relatively water soluble and excreted primarily in
the urine. Ingestion studies of DOT administered to volunteers demonstrated that within 24
hours, urinary DDA excretion increased detectably. Excretion of DOT as DDA appeared to be
totally dependent on preferential reductive dechlorination of DOT to ODD (rather than DDE) and
then to DDA (Clayton 1981).

J.16.2 Non-carcinogenic Toxicitv

The CNS is an important target organ in humans acutely exposed to DOT. Symptoms include
altered sensory perception, headache, nausea, disequilibrium, confusion, tremors, and
convulsions (Hayes 1982; ATSDR 1989d). Tremors and hyperirritability were observed in
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chronically exposed animals (NCI 1978a; Rossi et al. 1977, Rossi et al. 1983). The liver appears
to be the other important target organ, at least in animals. Liver effects include enzyme induction,
increased liver weight, increased serum levels of liver enzymes, hepatocellular hypertrophy, and
necrosis (ATSDR 1989d).

Dermal exposure has been associated with no illness and usually no irritation. Subcutaneous
injection of colloidal suspensions of DOT in saline up to 30 ppm caused no irritation. Studies of
DDT-impregnated clothing have found it to cause no irritation (Hayes 1982). The earliest
symptom of acute DOT poisoning is paresthesia of the mouth and lower part of the face. This is
followed by paresthesia of same areas and of the tongue and then dizziness, and tremors of
extremities, confusion, malaise, headache, fatigue, and delayed vomiting. Vomiting is probably of
central origin and not due to local irritation. Convulsions occur only in severe poisoning. Onset
may be as soon as 30 minutes after ingestion of a large dose or as late as six hours after smaller
but still-toxic doses. Recovery from mild poisoning usually is essentially complete in 24 hours,
but recovery from severe poisoning requires several days (Hayes 1982).

There is no documented evidence that dietary absorption of DOT, alone or in combination with
insecticides of the aldrin-toxaphene group, has caused cancer in the general population. No
evidence has been presented that DOT has caused cancer among the millions of individuals
(almost entirely men) who have been handling or spraying DOT (as dust, solution, and
suspension) in all parts of the world and under all possible climatic conditions.

DOT is a mixture of p,p'-DDT and related compounds. One of the more important of the DOT
isomers is o,p'-DDT. These agents have prominent estrogenic effects that have been well-
characterized in a number of assay systems (Johnson, et al. 1988). The estrogenicity of DOT
has led to the supposition that it may adversely affect reproductive outcome by causing birth
defects, increasing pregnancy complications, or affecting fertility (RTC 1990).

J.16.3 Carcinoqenicitv

The EPA (1997) has classified DOT in cancer weight-of-evidence Group B2 (probable human
carcinogen) based on the observation of tumors (generally of the liver) in seven studies in various
mouse strains and in three studies in rats.

J.17 1,1-Dichloroethene

J.17.1 Non-carcinogenic Toxicitv
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Chronic oral exposure of laboratory animals to 1,1-dichloroethene induced liver effects (EPA
2000b). In animals, inhalation exposure induced degenerative changes in the liver and kidneys
(ATSDR 1989c). No health effects were observed in a limited study of 138 exposed workers
(ACGIH 1986). EPA (2000b) presented a verified RfD for chronic oral exposure of 0.009
mg/kg/day, based on an NOAEL for liver effects in a chronic drinking water study in rats and an
uncertainty factor of 1,000. A factor of 10 each was used for the use of a LOAEL, for interspecies
variation, and protection of sensitive human subpopulations. EPA (1997) presented the same
value as a provisional subchronic oral RfD. The liver is the target organ for exposure to 1,1-
dichloroethene.

J.17.2 Carcinoaenicitv

EPA (2000b) classifies 1,1-dichloroethene as a cancer weight-of-evidence Group C compound
(possible human carcinogen), based on an inadequate occupational exposure cancer study,
limited data in several animal studies, its mutagenicity and ability to alky I ate deoxyribonucleic acid
(DMA), and its structural similarity to vinyl chloride, a known human carcinogen (EPA 1997). The
eighteen available animal studies (11 by inhalation exposure, 5 by oral exposure, and 1 each by
dermal application and subcutaneous injection) were limited in sensitivity by various deficiencies
in design. Credible evidence that 1,1-dichloroethene was a complete carcinogen was provided
only by one 12-month inhalation study in mice, in which the incidence of kidney adenocarcinomas
was significantly greater in the high-dose males than in the control males. A slope factor of 0.6
per mg/kg/day for oral exposure was based on the increased incidence of adrenal
pheochromocytomas in male rats treated by gavage for two years, even though the increase was
not statistically significant (EPA 1997). A unit risk for inhalation exposure of 5.0E-05 per ug/m3
was based on the incidence of kidney adenocarcinomas in male mice in the inhalation study
mentioned above (EPA 1997). The unit risk is equivalent to 1.75E-01 per mg/kg/day, assuming
humans inhale 20 m3 of air/day and weigh 70 kg.

J.18 1,2-Dichloroethane

J.18.1 Non-carcinogenic Toxicitv

Oral or inhalation exposure of humans or laboratory animals to 1,2-dichloroethane induced liver
and kidney effects (ACGIH 1991). Inhalation exposure also induced pulmonary congestion or
edema, and, in humans, CNS depression. EPA (2000a) presented an oral RfD of 3.00E-02
mg/kg/day and an inhalation RfD of 1.40E-03 mg/kg/day. The target organs for
1,2-dichloroethane toxicity are the CNS, thymus, Gl Tract, and immune system.
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J.18.2 Carcinoqenicitv

EPA classifies 1,2-dichloroethane as a cancer weight-of-evidence Group B2 compound (probable
human carcinogen), based on the induction of several tumor types in rats and mice treated by
gavage, and on the induction of benign lung papillomas in mice after dermal application (EPA
2000b). EPA (2000b) presented an oral SF of 9.10E-02 per mg/kg/day, and a unit risk for
inhalation exposure of 2.6E-05 per ug/m3, equivalent to 9.10E-02 per mg/kg/day, based on the
incidence of vascular system hemangiosarcomas in male rats in the gavage study.

J.19 1,2-Dichloroethene (cis, trans, Total)

J.19.1 Non-carcinogenic Toxicitv

Repeated oral exposure of rats to cis-1,2-dichloroethene was associated with signs of anemia
(decreased hematocrit and hemoglobin) (EPA 2000b). Inhalation exposure to isomeric mixtures of
1,2-dichloroethene induced narcosis, and mixed isomers of 1,2-dichloroethene were used as an
anesthetic gas (ACGIH 1991). EPA (2000a) presented a provisional chronic oral RfD of 1.0E-
02 mg/kg/day (EPA 1994) based on an NOAEL for signs of anemia in rats and an uncertainty factor
of 3,000. Target organs appear to be the erythrocyte for cis-1,2-dichloroethene oral exposure and
the CNS for cis-1,2-dichloroethene inhalation exposure.

The oral LÔ o for trans-1,2-dichloroethene in rats was 1275 mg/kg; death was preceded by
CNS and respiratory depression (ACGIH 1991). Histopathologic examination revealed lesions in
the lungs and heart. Prolonged oral administration induced clinicopathologic evidence of mild
liver damage (EPA 2000b). An NOAEL for this effect in a 90-day drinking water study in mice
and an uncertainty factor of 1,000 was the basis for a verified chronic oral RfD of 2.00E-02
mg/kg/day (EPA 2000b). The target organs for inhalation exposure to trans-1,2-dichloroethene
are the CNS, heart, and lungs; the liver appears to be the principal target of oral exposure.

EPA (1997) presented an oral RfD for total 1,2-dichloroethene of 9.00E-03 mg/kg/day based on
liver effects in a rat drinking water rat study. EPA (2000b) has not published an RfC or Inhalation
RfD for 1,2-dichioroethene (total).

J.19.2 Carcinogenicitv
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EPA (2000b) classifies cis-1,2-dichloroethene as a cancer weight-of-evidence Group D
compound (not classifiable as to carcinogenicity to humans), based on an absence of human or
animal cancer data.

J.20 Dieldrin

J.20.1 Pharmacokinetics

Dieldrin is a carcinogen, causing increases in a variety of tumors in rats at low but not at high
doses and producing a higher incidence of liver tumors in mice. The reason for this reversed
dose-response relationship is unclear. Neither appears to be mutagenic when tested in a number
of systems. Dieldrin is toxic to the reproductive system and teratogenic. Reproductive effects
include decreased fertility, increased fetal death, and effects on gestation; while teratogenic
effects include cleft palate, webbed foot, and skeletal anomalies. Chronic effects attributed to
dieldrin include liver toxicity and central nervous system abnormalities. Both chemicals are
acutely toxic; the oral LDso is around 50 mg/kg, and the dermal LDso is about 100 mg/kg.

J.20.2 Non-carcinogenic Toxicity

Chronic feeding with dieldrin induced evidence of degeneration of the liver in rats. (EPA 2000b).
The EPA (2000b) presented a verified chronic oral RfD of 0.05 ug/kg/day based on a LOAEL for
liver effects in rats and an uncertainty factor of 100. The principal target organ of dieldrin is the
liver.

J.20.3 Carcinogenicitv

The EPA (2000b) classifies dieldrin in cancer weight-of-evidence Group B2 (probable human
carcinogen), based on inadequate human data and sufficient animal data. The human data
consist of epidemiologic studies that had results which were statistically insignificant. Animal
studies associated treatment with liver tumors in male and female mice. The EPA (2000b)
presented a verified oral slope factor of 16 per mg/kg/day, based on the increased incidence of
liver tumors in mice treated in the diet. An inhalation risk estimate was not derived.

J.21 Di-n-butylphthalate

J.21.1 Non-carcinogenic Toxicitv
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EPA (2000b) has published an oral RfD of 1.OOE-01 mg/kg/day for di-n-butylphthalate based on
an increase in mortality during a rat subchronic to chronic oral bio-assay (Smith, 1953). An RfC
for di-n-butylphthalate has not been determined due to inadequate data.

J.21.2 Carcinogenicitv

EPA classifies di-n-butylphthalate in weight-of-evidence group D (not classified), based on
availability of the pertinent data.

J.22 Endrin

J.22.1 Pharmacokinetics

Endrin is apparently well absorbed orally, with distribution primarily to the fat and skin (ATSDR,
1994). Excretion is through the urine and feces. Metabolism of endrin produces anti-12-
hydroxyendrin and corresponding sulfate and glucuronide products. Animal studies and case
studies also indicate substantial absorptions by the inhalation and dermal routes.

J.22.2 Non-carcinogenic Toxicity

Endrin has a high degree of acute toxicity and may produce symptoms within 20 minutes to 12
hours after exposure (EPA 2000b). Doses of 1 mg/kg may produce effects. Symptoms of endrin
poisoning include headache, nausea, vomiting, dizziness, tremors, convulsions,
unconsciousness, hypertension, fever, frothing from the mouth, deafness, coma, and death. A
two-year dietary inclusion study in the dog resulted in mild histologic lesions of the liver,
increased relative liver weights and intermittent convulsions. (Another long-term feeding study,
18 months - 2 years, indicated that both kidneys and livers were target organs.) The LOAEL was
2 ppm (0.05 mg/kg/day) and the NOAEL was 1 ppm (0.025 mg/kg/day). Using an uncertainty
factor of 100, the RfD was calculated to be 3.00E-04 mg/kg/day.

J.22.3 Carcinogenicitv

The weight of evidence classification for endrin is D (not classifiable as to human carcinogenicity)
(EPA, 2000b). A human carcinogenicity study (evaluation of pesticide manufacturer workers) and
several rodent carcinogenicity studies were judged to be inadequate. Some of the animal work
resulted in a variety of tumors that could not clearly be attributed to treatment . Several in vitro
studies indicated that endrin was not genotoxic or mutagenic.
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J.23 Heptachlor/Heptachlor Epoxide (Clement Associates 1985)

J.23.1 Pharmacokinetics

Heptachlor and heptachlor epoxide are liver carcinogens when administered orally to mice.
Results from mutagenicity bioassays suggest that these compounds also may have genotoxic
activity. Reproductive and teratogenic effects in rats include decreased litter size, shortened life
span of suckling rats, and development of cataracts in offspring.

Tests with laboratory animals, primarily rodents, demonstrate acute and chronic toxic effects due
to heptachlor exposure. Although heptachlor and heptachlor epoxide are absorbed most readily
through the gastrointestinal tract, inhalation and skin contact are also potential routes of
exposure. Acute exposure by various routes can cause development of hepatic vein thrombi and
can effect the central nervous system and cause death. Chronic exposure induces liver changes,
affects hepatic microsomal enzyme activity, and causes increased mortality in offspring. The oral
LDso in the rat is 40 mg/kg for heptachlor and 47 mg/kg for heptachlor epoxide. The liver is
considered to be the most sensitive target organ for evaluating chronic oral exposure.

Although there are reports of acute and chronic toxicity in humans, with symptoms including
tremors, convulsions, kidney damage, respiratory collapse, and death, details of such episodes
are not well documented. Heptachlor epoxide has been found in a high percentage of human
adipose tissue samples, and also in human milk samples and biomagnification of
heptachlor/heptachlor epoxide occurs. This compound also has been found in the tissues of
stillborn infants, suggesting an ability to cross the placenta and bioaccumulate in the fetus.

J.23.2 Carcinogenicitv

EPA classifies heptachlor and heptachlor epoxide as Group B2 (probable human) carcinogens
based on sufficient evidence of cancer in animals but inadequate human data.

J.24 Iron

J.24.1 Non-carcinogenic Toxicitv

Iron is potentially toxic in all forms and by all routes of exposure. Inorganic iron is a poison by the
intraperitoneal route. The inhalation of large amounts of iron dust may result in iron
pneumoconiosis or arc welders lung. Chronic exposure to excess levels of iron (>50-100 mg
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Iron/day) can result in pathological deposition of iron in tissues. The target organs are the
pancreas and liver (Sax and Lewis 1989).

Iron compounds are of varying toxicity. Iron oxides are a potential risk in all industrial settings. In
general, ferrous compounds are more toxic than ferric compounds. Acute exposure to excessive
levels of ferrous compounds can cause liver and kidney damage, altered respiratory rates and
convulsions (Sax and Lewis 1989). An oral RfD of 3.OOE-01 mg/kg/day has been published for
iron by EPA (ECAO). EPA (2000b) has not published an RfC or Inhalation RfD for iron.

J.24.2 Carcinogenicitv

Some iron compounds are suspected human carcinogens. Iron dust is an experimental
neoplastigen and an increased incidence of lung cancer has been associated with exposure to
iron dust. Iron oxide is an experimental tumorigen and a suspected human carcinogen. (Sax and
Lewis 1989). EPA (2000b) has not published oral or inhalation SFs for iron.

J.25 Lead

J.25.1 Pharmacokinetics

Studies in humans indicate that an average of 10 percent of ingested lead is absorbed, but
estimates as high as 40 percent were obtained in some individuals (Tsuchiya 1986). Nutritional
factors have a profound effect on Gl absorption efficiency. Children absorb ingested lead more
efficiently than adults; absorption efficiencies up to 53 percent were recorded for children three
months to eight years of age. Similar results were obtained for laboratory animals; absorption
efficiencies of 5 to 10 percent were obtained for adults and 50 percent were obtained for young
animals. The deposition rate of inhaled lead averages approximately 30 to 50 percent,
depending on particle size. All lead deposited in the lungs is eventually absorbed.

Approximately 95 percent of the lead in the blood is located in the erythrocytes (EPA 1991 a).
Lead in the plasma exchanges with several body compartments, including the internal organs,
bone, and several excretory pathways. In humans, lead concentrations in bone increase with age
(Tsuchiya 1986). About 90 percent of the body burden of lead is located in the skeleton.
Neonatal blood concentrations are about 85 percent of maternal concentrations. Excretion of
absorbed lead is principally through the urine, although Gl secretion, biliary excretion, and loss
through hair, nails, and sweat are also significant.

J.25.2 Non-carcinogenic Toxicitv
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The non-carcinogenic toxicity of lead to humans has been well characterized through decades of
medical observation and scientific research (EPA 2000b). The principal effects of acute oral
exposure are colic with diffuse paroxysmal abdominal pain (probably due to vagal irritation),
anemia, and, in severe cases, acute encephalopathy, particularly in children (Tsuchiya 1986).
The primary effects of long-term exposure are neurological and hematological. Limited
occupational data indicate that long-term exposure to lead may induce kidney damage. The
principal target organs of lead toxicity are the erythrocyte and the nervous system. Some of the
effects on the blood, particularly changes in levels of certain blood enzymes, and subtle
neurologic behavioral changes in children, appear to occur at levels so low as to be considered
non-threshold effects.

EPA (2000b) presents no inhalation RfC for lead, but referred to the National Ambient Air Quality
Standard (NAAQS) for lead. The NAAQSs are based solely on human health considerations and
are designed to protect the most sensitive subgroup of the human population. The NAAQS for
lead is 1.5 ug/m3, averaged quarterly (EPA 2000b).

EPA (1991 a, 2000b) determined that it is inappropriate to derive an RfD for oral exposure to lead
for several reasons. First, the use of an RfD assumes that a threshold for toxicity exists, below
which adverse effects are not expected to occur; however, the most sensitive effects of lead
exposure, impaired neurologic behavioral development in children and altered blood enzyme
levels associated with anemia, may occur at blood lead concentrations so low as to be
considered practically non-threshold in nature. Second, RfD values are specific for the route of
exposure for which they are derived. Lead, however, is ubiquitous, so that exposure occurs from
virtually all media and by all pathways simultaneously, making it practically impossible to quantify
the contribution to blood lead from any one route of exposure. Finally, the dose-response
relationships common to many toxicants, and upon which derivation of an RfD is based, do not
hold true for lead. This is because the fate of lead within the body depends, in part, on the
amount and rate of previous exposures, the age of the recipient, and the rate of exposure. There
is, however, a reasonably good correlation between blood lead concentration and effect.
Therefore, blood lead concentration is the appropriate parameter on which to base the regulation
of lead.

EPA IEUBK lead model is an iterated set of equations that estimate blood lead concentration in
children aged 0 to 7 years (EPA 1991 a; 1991b). The bioktnetic part of the model describes the
movement of lead between the plasma and several body compartments and estimates the
resultant blood lead concentration. The rate of the movement of lead between the plasma and

APPJ(P13)-19

AR30U07



each compartment is a function of the transition or residence time (i.e., the mean time for lead to
leave the plasma and enter a given compartment, or the mean residence time for lead in that
compartment). Compartments modeled include the erythrocytes, liver, kidneys, all the other soft
tissue of the body, cortical bone, and trabecular bone. Excretory pathways and their rates are
also modeled. These include the mean time for excretion from the plasma to the urine, from the
liver to the bile, and from the other soft tissues to the hair, skin, sweat, etc. The model permits
the user to adjust the transition and residence times.

EPA guidance establishes an interim soil cleanup level for lead of 400 parts per million (ppm) to
be applied at Superfund sites. This value is considered by EPA to be protective for direct contact
with lead-contaminated soils in residential settings. The guidance is to be followed when current
or predicted land use is residential.

J.25.3 Carcinogenicitv

EPA (2000b) classifies lead in cancer weight-of-evidence Group B2 (probable human
carcinogen), based on inadequate evidence of cancer in humans and sufficient animal evidence.
The human data consist of several epidemiological occupational studies that yielded confusing
results. All of the studies lacked quantitative exposure data and failed to control for smoking and
concomitant exposure to other possibly carcinogenic metals. Rat and mouse bioassays showed
statistically significant increases in renal tumors following dietary and subcutaneous exposure to
several soluble lead salts. Various lead compounds were observed to induce chromosomal
alterations in vivo and in vitro, sister chromatid exchange in exposed workers, and cell
transformation in Syrian hamster embryo cells; to enhance simian adenovirus induction; and to
alter molecular processes that regulate gene expression. EPA (2000b) declined to estimate risk
for oral exposure to lead because many factors (e.g., age, general health, nutritional status,
existing body burden and duration of exposure) influence the bioavailability of ingested lead,
introducing a great deal of uncertainty into any estimate of risk.

J.26 Manganese

J.26.1 Non-carcinogenic Toxicitv

Manganese is nutritionally required in humans for normal growth and health (EPA 2000b)
Humans exposed to approximately 0.8 mg manganese/kg/day in drinking water exhibited
lethargy, mental disturbances (1/16 committed suicide), and other neurologic effects. The elderly
appeared to be more sensitive than children. Oral treatment of laboratory rodents induced
biochemical changes in the brain, but rodents did not exhibit the neurological signs exhibited by
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humans. Occupational exposure to high concentrations in air induced a generally typical
spectrum of neurological effects, and increased incidence of pneumonia (ACGIH 1986).

EPA (2000b) published an oral RfD for manganese of 0.024 mg/kg/day based on drinking water
and an oral RfD of 0.14 mg/kg/day based on food. EPA (2000b) presented a verified chronic
inhalation RfC based on a LOAEL for impairment of neurobehavioral function in occupationally
exposed humans. The inhalation RfC is equivalent to 1.43E-05 mg/kg/day, assuming humans
inhale 20 m3 of air/day and weigh 70 kg. The CNS and respiratory tract are target organs of
inhalation exposure to manganese.

J.26.2 Carcinooenicitv

EPA (2000b) classifies manganese in cancer weight-of-evidence Group D (not classifiable as to
carcinogenicity to humans).

J.27 Mercury/Methyl Mercury

Mercury occurs in three forms: elemental, organic, and inorganic. Although the toxicity of all
forms is mediated by the mercury cation, the extent of absorption and pattern of distribution within
the body, which determines the effects observed, depends on the form to which the organism is
exposed (Goyer 1991). Bacterial activity in the environment converts inorganic mercury to methyl
mercury (Berlin 1986). It is likely that either inorganic mercury or methyl mercury may be taken
up by plants and enter the food chain, and this discussion will focus on inorganic and methyl
mercury. Exposure to elemental mercury, which is more likely to occur in an occupational setting,
is not discussed herein.

J.27.1 Pharmaco kinetics

The Gl absorption of inorganic mercury salts is about 2 to 10 percent in humans, and slightly
higher in experimental animals (Berlin 1986; Goyer 1991). Inorganic mercury in the blood is
roughly equally divided between the plasma and erythrocytes. Distribution is preferentially to the
kidney, with somewhat lower concentrations found in the liver, and even lower levels found in the
skin, spleen, testes, and brain (Berlin 1986). Inorganic mercury is excreted principally through
the feces and urine, with minor pathways including the secretions of exocrine glands and
exhalation of elemental mercury vapor.

Methyl mercury is nearly completely (90 to 95 percent) absorbed from the Gl tract (Berlin 1986).
The concentration of methyl mercury in the erythrocytes is about 10 times that in the plasma.
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Methyl mercury leaves the blood slowly, showing particular affinity for the brain, particularly in
primates. In rats, 1 percent of the body burden of methyl mercury is found in the brain, but in
humans, 10 percent of the body burden is found in the brain. Somewhat lower levels are found in
the liver and kidney. During pregnancy, methyl mercury accumulates in the fetal brain, often at
levels higher than in the maternal brain. Most tissues except the brain transform methyl mercury
to inorganic mercury, Excretion of methyl mercury is principally via the bile, with a half-life of 70
days in humans not suffering from toxicity. Following exposure to methyl mercury, some of the
mercury in the bile exists as methyl mercury and some as the inorganic form. The inorganic form
is largely passed in the feces, but methyl mercury is subject to enterohepatic recirculation.
Another important excretory pathway for methyl mercury is lactation.

J.27.2 Non-carcinogenic Toxicitv

Target organs for inorganic or methyl mercury include the kidney, nervous system, fetus, and
neonate. Acute oral exposure to high doses of inorganic mercury causes severe damage to the
Gl mucosa because of the corrosive nature of mercury salts, which may lead to bloody diarrhea,
shock, circulatory collapse, and death (Berlin 1986; Goyer 1991). Acute sublethal poisoning
induces severe kidney damage. Chronic exposure induces an autoimmune glomerular disease
and renal tubular injury. Acute or chronic exposure to methyl mercury leads to neurologic
dysfunction (Berlin 1986; Goyer 1991). The region of the nervous system affected is species-
dependent. Methyl mercury poisoning in rats induces peripheral nerve damage and kidney
effects. In humans, the sensory cortex appears to be the most sensitive. The brain of the fetus
and the neonate may be unusually sensitive to methyl mercury; retarded neurologic development
was observed in prenatally exposed children whose mothers showed no clinical signs of
poisoning. EPA (2000b) published an oral RfD of 1.00E-04 mg/kg/day for exposure to methyl
mercury based on neurological effects in environmentally exposed humans. An intake of 3
ug/kg/day was the LOAEL corresponding to a blood level of 200 ng/mL, which was associated
with CNS effects. An uncertainty factor of 10 was used to estimate an NOAEL from an LOAEL.
An inhalation RfC of 0.0003 mg/kg/day (uncertainty factor of 30) has been established for
inorganic mercury based on neurotoxic effects in humans. This translates into a chronic RfD of
8.60E-05 mg/kg/day (EPA 2000b).

J.27.3 Carcinogenicitv

EPA (2000b) classifies inorganic mercury in cancer weight-of-evidence Group D (not classifiable
as to carcinogenicity to humans), based on no data regarding cancer in humans, and inadequate
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animal and supporting data. EPA (2000b) has not yet evaluated the carcinogenicity of organic
mercury.

J.28 Nickel

J.28.1 Non-carcinogenic Toxicitv

In a subchronic gavage study with nickel chloride in water, clinical signs of toxicity in rats included
lethargy, ataxia, irregular breathing, reduced body temperature, salivation, and discolored
extremities (EPA 2000b). Inhalation exposure was associated with asthma and pulmonary
fibrosis in welders using nickel alloys (ACGIH 1986). Lung effects were observed in laboratory
animals exposed by inhalation. EPA (2000b) presented a verified RfD of 2.00E-02 mg/kg/day for
chronic oral exposure to nickel, based on an NOAEL for decreased organ and body weights in a
two-year dietary study with nickel sulfate in rats and an uncertainty factor of 300. The CNS
appears to be the target organ for the oral toxicity of nickel. The lung is clearly the target organ
for inhalation exposure even though EPA (2000b) has not published an RfC or Inhalation RfD for
nickel.

J.28.2 Carcinoqenicitv

Occupational exposure to nickel was associated with increased risk of nasal, laryngeal and lung
cancer (ATSDR 1995a). Inhalation exposure of rats to nickel subsulfide increased the incidence
of lung tumors. EPA (2000b) presents a cancer weight-of-evidence Group A classification
(human carcinogen) for nickel refinery dust. No oral SF or inhalation unit risk was established for
elemental nickel, therefore, carcinogenic exposures for nickel are not estimated at this site.

J.29 Polyaromatic Hydrocarbons (Carcinogenic)

J.29.1 Pharmacokinetics

Although quantitative absorption data for the PAHs were not located, benzo(a)pyrene was readily
absorbed across the Gl (Rees et al. 1971) and respiratory epithelia (Kotin et al. 1969; Vainicn et
al. 1976). The high lipophilicity of other compounds in this class suggests that other PAHs also
would be readily absorbed across Gl and respiratory epithelia.

Benzo(a)pyrene was distributed widely in the tissues of treated rats and mice, but primarily to
tissues high in fat, such as adipose tissue and mammary gland (Kotin et al. 1969; Schlede et al.
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1970a). Patterns of tissue distribution of other PAHs would be expected to be similar because of
the high lipophilicity of the members of this class.

Studies of the metabolism of benzo(a)pyrene provide information relevant to other PAHs because
of the structural similarities of all members of the class. Metabolism involves microsomal mixed
function oxidase hydroxylation of one or more of the phenyl rings with the formation of phenols
and dihydrodiols, probably via formation of arene oxide intermediates (EPA 1979a). The
dihydrodiols may be further oxidized to diol epoxides, which, for certain members of the class, are
known to be the ultimate carcinogens (LaVoie et al. 1982). Conjugation with glutathione or
glucuronic acid, and reduction to tetrahydrotetrols are important detoxification pathways.
Metabolism of naphthalene resulted in the formation of 1,2-naphthoquinone, which induced
cataract formation and retinal damage in rats and rabbits.

Excretion of benzo(a)pyrene or dibenz(a,h)anthracene residues was reported to be rapid,
although quantitative data were not located (EPA 1979b). Excretion occurred mainly via the
feces, probably largely due to biliary secretion (Schlede et al. 1970a, 1970b). EPA (1980)
concluded that accumulation in the body tissues of PAHs from chronic low level exposure would
be unlikely.

J.29.2 Non-carcinogenic Toxicitv

Oral noncancer toxicity data are available for acenaphthene, anthracene, dibenzofuran,
fluoranthene, fluorene, 2-methylnaphthalene, naphthalene, and pyrene. EPA (1997, 2000a,
2000b) has not established oral RfDs or inhalation RfCs for the carcinogenic PAHs including
benz(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, carbazole,
chrysene, dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene.

J.29.3 Carcinogenicitv

The PAHs are ubiquitous, being released to the environment from anthropogenic as well as from
natural sources (ATSDR 1987). Benzo(a)pyrene is the most extensively studied member of the
class, inducing tumors in multiple tissues of virtually all laboratory species tested by all routes of
exposure. Although epidemiology studies suggested that complex mixtures that contain PAHs
(coal tar, soot's, coke oven emissions, cigarette smoke) are carcinogenic to humans, the
carcinogenicity cannot be attributed to PAHs alone because of the presence of other potentially
carcinogenic substances in these mixtures (ATSDR 1987). In addition, recent investigations
showed that the PAH fraction of roofing tar, cigarette smoke, and coke oven emissions accounted
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for only 0.1 to 8 percent of the total mutagenic activity of the unfractionated complex mixture in
Salmonella (Lewtas 1988). Aromatic amines, nitrogen heterocyclic compounds, highly
oxygenated quinones, diones, and nitrooxygenated compounds, none of which would be
expected to arise from in vivo metabolism of PAHs, probably accounted for the majority of the
mutagenicity of coke oven emissions and cigarette smoke. Furthermore, coal tar, which contains
a mixture of many PAHs, has a long history of use in the clinical treatment of a variety of skin
disorders in humans (ATSDR 1987).

Because of the lack of human cancer data, assignment of individual PAHs to EPA cancer weight-
of-evidence groups was based largely on the results of animal studies with large doses of purified
compound. Frequently, unnatural routes of exposure, including implants of the test chemical in
beeswax and trioctanoin in the lungs of female Osborne-Mendel rats, intratracheal instillation, and
subcutaneous or intra peritonea I injection, were used. Benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, benzo(k)fluoranthene, carbazole, chrysene, dibenz(a,h)anthracene, and
indeno(1,2,3-cd)pyrene were classified in Group B2 (probable human carcinogens) (EPA 1997,
2000b).

EPA (2000b) verified a SF for oral exposure to benzo(a)pyrene of 7.3 per mg/kg/day, based on
several dietary studies in mice and rats. Neither verified nor provisional quantitative risk
estimates were available for the other PAHs in Group B2. EPA (1980) promulgated an ambient
water quality criterion for "total carcinogenic PAHs," based on an oral SF derived from a study
with benzo(a)pyrene, as being sufficiently protective for the class. Largely because of this
precedent, the quantitative risk estimates for the other carcinogenic PAHs were based on
benzo(a)pyrene when quantitative estimates were needed.

Recent reevaluations of the carcinogenicity and mutagenicity of the Group B2 PAHs suggest that
there are large differences between individual PAHs in cancer potency (Krewski et al., 1989).
Based on the available cancer and mutagenicity data, and assuming that there is a constant
relative potency between different carcinogens across different bioassay systems and that the
PAHs under consideration have similar dose-response curves, Thorslund and Charnley (1988)
derived relative potency values for several PAHs. A more recent Relative Potency Factor (RPF)
scheme for the Group B2 PAHs was based only on the induction of lung epidermoid carcinomas
in female Osborne-Mendel rats in the lung-implantation experiments (Clement International
1990).

Carcinogenic PAHs are related by chemical structure. All other carcinogenic PAHs except
carbazole have SFs based on their potency relative to benzo(a)pyrene. These factors are
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published by EPA (Clement International 1990). The relative potency factors are as follows for
the carcinogenic PAHs:

Constituent Relative Potency Factor
Benzo(a)pyrene 1.0
Benz(a)anthracene 0.1
Benzo(b)fluoranthene 0.1
Benzo(k)fluoranthene 0.01
Chrysene 0.001
Dibenz(a,h)anthracene 1.0
lndeno(1,2,3-cd)pyrene) 0.1

Carbazole had an EPA (2000b) listed oral SF of 2.00E-02 per mg/kg/day. The SF was based on
observations of liver tumors in mice.

EPA (2000a) presented an inhalation SF of 3.10E+00 per mg/kg/day (NCEA) for benzo(a)pyrene.
The other carcinogenic PAHs do not have established inhalation SFs and are not subjected to
toxicity equivalency factors regarding inhalation criteria.

Listed below are individual PAH toxicological profiles, if available.

BENZO(B)FLUORANTHENE

Non-carcinogenic Toxicitv

Little information is available on benzo(b)fluoranthene. However, based on the similarities of
chemical structures, most properties should be similar to benzo(a)pyrene.

Carcinogenicitv

A Clement's RPF has been developed (Clement International, 1990) for benzo(b)fluoranthene
which allows the estimation of Slope Factors (SFs) of 7.30E-01 per mg/kg/day for the oral route.
The EPA (1997) has classified benzo(b)fluoranthene in cancer weight-of-evidence Group B2
(Probable Human Carcinogen, sufficient evidence of carcinogenicity in animals with inadequate
or lack of evidence in humans) based on lung tumors in mice.
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BENZO(K)FLUORANTHENE

Non-carcinogenic Toxicitv

Little information is available on benzo(k)fluoranthene. However, based on the similarities of the
chemical structures, most properties should be similar to benzo(a)pyrene.

Carcinogenicitv

A Clement's RPF has been developed (Clement International, 1990) for benzo(k)fluorantnene
which allows the estimation of 7.30E-02 per mg/kg/day for the SF for the oral route. The EPA
(2000b) has classified benzo(k)fluoranthene in cancer weight-of-evidence Group B2 (Probable
Human Carcinogen, sufficient evidence of carcinogenicity in animals with inadequate or lack of
evidence in humans) based on lung tumors in mice.

CHRYSENE

Non-carcinogenic Toxicitv

Chrysene is absorbed by the oral route of exposure. Absorption may also occur following dermal
exposure. Data are not available to determine whether chrysene is absorbed via the lungs.
Absorbed chrysene is distributed to several tissues, i.e. it was found in five tissues in a study
reported in 1983. It is accumulated preferentially in the adipose and mammary tissue.
There is no information on other toxic effects of chrysene in human and laboratory animals
following inhalation, oral and dermal exposures. (ATSDR 1987).

Carcinogenicity

A Clement's RPF has been developed for chrysene. This allows the estimation of SFs of 7.30E-
03 per mg/kg/day for the oral route.

The EPA (2000b) has classified chrysene in cancer weight-of-evidence Group B2 (Probable
Human Carcinogen, sufficient evidence of carcinogenicity in animals with inadequate or lack of
evidence in humans) based on tumors and malignant lymphoma in mice and chromosomal
abnormalities in hamsters.
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INDENOO ,2,3-CD)PYRENE

Non-carcinogenic Toxicitv

Little information was found on the toxicity of indeno(1,2,3-cd)pyrene. Because of its structural
similarity its properties should resemble benzo(a)pyrene.

Carcinooenicitv

A Clement's RPF has been developed for indeno(1,2,3-cd)pyrene. This allows the estimation of
SFs of 7.30E-01 per mg/kg/day for the oral route. The EPA (2000b) has classified indeno(1,2,3-
cd)pyrene in cancer weight-of-evidence Group B2 (Probable Human Carcinogen, sufficient
evidence of carcinogenicity in animals with inadequate or lack of evidence in humans) based on
tumors in mice following lung implants.

J.30 Polychlorinated Biphenyls (Aroclor-1260)

J.30.1 Non-carcinogenic Toxicitv

Epidemiological studies of women in the United States associated oral PCB exposure with low
birth weight or retarded musculoskeletal or neurobehavioral development of their infants (ATSDR
1992). Oral studies in animals established the liver as the target organ in all species, and the
thyroid as an additional target organ in the rat. Effects observed in monkeys included gastritis,
anemia, chloracne-like dermatitis, and immunosuppression. Oral treatment of animals induced
developmental effects, including retarded neurobehavioral and learning development in monkeys.
Occupational exposure to PCBs was associated with upper respiratory tract and ocular irritation,
loss of appetite, liver enlargement, increased serum concentrations of liver enzymes, skin
irritation, rashes and chloracne, and, in heavily exposed female workers, decreased birth weight
of their infants (ATSDR 1992). Concurrent exposure to other chemicals confounded the
interpretation of the occupational exposure studies. Laboratory animals exposed by inhalation to
Aroclor-1254 vapors exhibited moderate liver degeneration, decreased body weight gain and
slight renal tubular degeneration. EPA (2000b) has not published an RfC or Inhalation RfD for
PCBs. Target organs for PCBs include the skin, liver, fetus, and neonate.

J.30.2 Carcinoaenicitv

EPA (2000b) classifies the PCBs as EPA cancer weight-of-evidence Group B2 substances
(probable human carcinogens), based on inadequate data in humans and sufficient data in
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animals. The human data consist of several epidemiologic occupational and accidental oral
exposure studies with serious limitations, including poorly quantified concentrations of PCBs and
durations of exposure, and probable exposures to other potential carcinogens. The animal data
consist of several oral studies in rats and mice with various arochlors, kanechlors, or clophens
(commercial PCB mixtures manufactured in the United States, Japan and Germany, respectively)
that reported increased incidence of liver tumors in both species (EPA 2000b). EPA (2000b)
presented a verified oral SF of 2.00E+00 per mg/kg/day for all PCBs based on liver tumors in a
1996 rat study. EPA (2000b) published an inhalation SF of 2.00E+00 per mg/kg/day for all PCBs.

J.31 Selenium

J.31.1 Non-carcinogenic Toxicitv

Selenium is a nutritionally essential trace element that is an integral part of the enzyme
glutathione peroxidase and other proteins {Hogberg and Alexander 1986). The National
Research Council (1989) recommended dietary allowances (RDAs) for humans range from 10 to
75 mg/day. Chronic ingestion of 5 mg/day (0.071 mg/kg/day, assuming humans weigh 70 kg)
induced selenosis in humans, characterized by abnormal hair and nail formation (Hogberg and
Alexander 1986). Effects in domestic grazing animals exposed to high levels of selenium
included emaciation, lameness, and loss of hair and hooves. Occupational exposure to selenium
fume or various selenium compounds was associated with intense ocular and respiratory tract
irritation, chemical pneumonia, skin rashes, garlic odor to the breath, metallic taste in the mouth,
and various socio-psychological effects (ACGIH 1986). EPA (2000b) presented a verified RfD of
5.00E-03 mg/kg/day for chronic oral exposure to selenourea, based on effects in humans
exposed to selenium in high selenium areas. An uncertainty factor of 3 was used. The principal
target organs for oral exposure to selenium are the skin, including the nails and hair, and, in
animals, the hooves and joints. Targets for inhalation or dermal exposure include the skin and
mucous membranes of the eyes and respiratory tract, and possibly the CNS. EPA (2000b) has
not published an RfC or Inhalation RfD for selenium.

J.31.2 Carcinoaenicitv

An impressive body of data indicates that selenium exerts an anticarcinogenic effect (Hogberg
and Alexander 1986). In laboratory animals, selenium supplementation decreased the incidence
of chemical-induced cancers. In humans, the incidence of lymphomas and cancers of the breast,
digestive tract, and lung were lower in geographic areas with high soil selenium levels.
Occupational data suggest that selenium may protect against lung cancer. Several animal tests
with various deficiencies in design and conduct equivocally associated exposure to selenium with
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cancer induction. In a well controlled oral experiment, selenium sulfide was associated with an
increase in the incidence of liver tumors in rats, and with liver and lung tumors in mice. On the
basis of this study, EPA (2000b) classified selenium sulfide a cancer weight-of-evidence Group
B2 compound (probable human carcinogen), but declined to derive quantitative risk estimates.
Selenium and other selenium compounds were classified in cancer weight-of-evidence Group D
(not classifiable as to carcinogenicity to humans) (EPA 2000b).

J.32 Tetrachloroethene (PCE)

J.32.1 Non-carcinogenic Toxicitv

Occupational (inhalation and dermal) exposure to tetrachloroethene was associated with
neuralgic effects, beginning with incoordination and progressing to dizziness, headache, vertigo,
and unconsciousness (ACGIH, 1986). EPA (2000b) presented a verified chronic oral RfD for
tetrachloroethene of 1.00E-02 mg/kg/day based on an NOAEL for liver toxicity in mice in a
subchronic gavage study, and on a NOEL for depressed body weight gain in rats in a subchronic
drinking water study. An uncertainty factor of 1000 was used. EPA (2000a) presents an
inhalation RfD of 1.40E-01 mg/kg/day. The CNS is the principal target organ for inhalation
exposure and the liver is the principal target organ for oral exposure to tetrachloroethene.

J.32.2 Carcinogenicitv

Inhalation exposure to tetrachloroethene induced mononuclear cell leukemia in rats, and
inhalation or oral exposure induced hepatocellular carcinomas in mice (ATSDR 1995b). EPA
(2000a) presented an oral SF of 5.20E-02 per mg/kg/day and an inhalation SF of 2.00E-03 per
mg/kg/day for tetrachloroethene (NCEA Other).

J.33 Thallium

J.33.1 Non-carcinooenic Toxicitv

Thallium is highly toxic; acute ingestion by humans or laboratory animals induced gastroenteritis,
neurological dysfunction, and renal and liver damage (Kazantzis, 1986). Chronic ingestion of
more moderate doses characteristically caused alopecia. Thallium was used medicinally to
induce alopecia in cases of ringworm of the scalp, sometimes with disastrous results. In
industrial (inhalation, oral, dermal) exposure, neurologic signs preceded alopecia, suggesting that
the nervous system is more sensitive than the hair follicle. EPA (2000b) presented verified
chronic oral RfD values for several thallium compounds (thallium acetate, thallium acetate,
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thallium carbonate, thallium chloride, thallium nitrate, thallium sulfate, and thallic oxide) based on
increased incidence of alopecia and increased serum levels of liver enzymes indicative of
hepatocellular damage in rats treated with thallium sulfate for 90 days. EPA (2000a) presented a
chronic oral RfD for thallium of 7.00E-05 mg/kg/day (NCEA). EPA (2000b) has not published an
RfC or Inhalation RfD for thallium.

J.33.2 Carcinogenicitv

Several thallium compounds (thallium oxide, thallium acetate, thallium carbonate, thallium
chloride, thallium nitrate, thallium sulfate) were classified as cancer weight-of-evidence Group D
substances (not classifiable as to carcinogenicity to humans) (EPA 1997, 2000b). No weight-of-
evidence classification was located for thallium alone.

J.34 Toluene

J.34.1 Non-carcinoaenic Toxicitv

EPA (2000b) has published an oral RfD of 2.OOE-01 mg/kg/day for toluene based on changes in
liver and kidney weights in a subchronic rat gavage study (NTP 1989). EPA (2000b) has
published an inhalation RfD of 1.14E-01 mg/kg/day for toluene based on neurological effects in a
two year chronic inhalation rat gavage study (NTP1990).

J.34.2 Carcinogenicitv

Genotoxic assays of toluene did not produce positive results for toluene. EPA (2000b) classifies
this chemical in weight-of-evidence group D (not classified), based on inadequate animal studies
and lack of human data.

J.35 1,1,2-Trichloroethane

J.35.1 Non-carcinogenic Toxicitv

1,1,2-Trichloroethane was not mutagenic when tested using the Ames assay. No information was
found concerning the reproductive toxicity or teratogenicity of 1,1,2-trichloroethane. No chronic
studies were found on the toxicity of 1,1,2-trichloroethane but single doses as low as 400 mg/kg
caused liver and kidney damage in dogs (Sanders et al. 1985). The oral LDso value for
1,1,2-trichloroethane in rats is 835 mg/kg. The liver and blood are considered the most sensitive
target organs for evaluating chronic oral exposure. EPA (2000b) presented an oral RfD of 4.00E-03
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mg/kg/day with an uncertainty factor of 1000. EPA (2000b) has not published an RfC or Inhalation
RfD for 1,1,2-trichloroethane.

J.35.2 Carcinooenicitv

1,1,2-Trichloroethane induced hepatocellular carcinomas and pheochromocytomas of the adrenal
gland in male and female mice but did not produce a significant increase in tumor incidence in
male or female rats (NCI 1977). 1,1,2-Trichloroethane is structurally related to 1,2-
dichloroethane, a probable human carcinogen. EPA classifies this chemical as a Group C
(possible human) carcinogen, based on animal data. EPA (2000b) presented an oral slope factor
of 5.70E-02 per mg/kg/day with an inhalation slope factor of 5.60E-02 per mg/kg/day.

J.36 Trichloroethene (TCE)

J.36.1 Non-carcinogenic Toxicitv

Little is known about the toxicity of prolonged oral exposure to trichloroethene. Acute inhalation
exposure to high levels induced anesthesia, tachypnea, and ventricular arrhythmias (ACGIH,
1986). Occupational exposure was associated with headache, dizziness, lassitude, and other
CNS effects. Prolonged inhalation exposure of animals affected the liver and kidneys. An oral
RfD of 6.00E-03 mg/kg/day was presented by EPA (2000b). EPA (2000b) has not published an
RfC or Inhalation RfD for trichloroethene. The principal target organs for trichloroethene are the
CNS and heart, and, to a lesser extent, the liver and kidney.

J.36.2 Carcinogenicitv

Carcinogenicity studies in laboratory animals showed increased incidence of hepatocellular
carcinomas (gavage exposure) and malignant lymphomas (inhalation exposure) in mice and
increased incidence of renal adenocarcinomas in male rats (gavage) (ATSDR, 1995d). Cancer
studies in humans were inadequate. Interpretation of the data regarding the carcinogenicity of
trichloroethene is controversial, and EPA (2000b) has not adopted a final position on a cancer
weight-of-evidence classification. Currently, EPA believes the weight-of-evidence to be on the C-
B2 continuum (possible-probable human carcinogen), and EPA (2000a) presents an oral SF of
1.10E-02 per mg/kg/day and an inhalation SF of 6.00E-03 per mg/kg/day for inhalation exposure
(NCEA).
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J.37 Trichlorofluoromethane

J.37.1 Non-carcinogenic Toxicitv

EPA (2000b) has published an oral RfD of 3.00E-01 mg/kg/day for trichlorofluoromethane based
on survival and histopathology in cancer bioassay studies in rats and mice (NCt, 1978b). An RfD
for inhalation of 2.OOE-01 mg/kg/day for trichlorofluoromethane has been published (EPA 1997).

J.37.2 Carcinoaenicitv

The potential for trichlorofluoromethane as a human carcinogen is unknown at this time because
a complete evaluation and determination has not performed under US EPA's IRIS program (EPA
2000b).

J.38 Vanadium

J.38.1 Non-carcinogenic Toxicitv

In a chronic study, an unspecified number of rats were exposed to dietary levels of 10 or 100 ppm
vanadium (about 17.9 or 179 ppm vanadium pentoxide) for 2.5 years. The results of this
unpublished study were summarized by Stokinger et al. (1981). The criteria used to evaluate
vanadium toxicity were growth rate, survival, and hair cystine content. The only significant
change reported was a decrease in the amount of cystine in the hair of animals ingesting
vanadium. EPA (1997) presented an oral RfD of 7.00E-03 mg/kg/day based on a NOAEL in a
lifetime rat drinking water study. EPA (2000b) has not published an RfC or Inhalation RfD for
vanadium.

J.38.2 Carcinogenicitv

EPA (2000b) classifies vanadium in cancer weight-of-evidence Group D (not classifiable as to
carcinogenicity to humans).

J.39 Zinc

J.39.1 Pharmacokinetics

Zinc is a nutritionally required trace element. Estimates of the efficiency of Gl absorption of zinc
in animals range from <10 to 90 percent (Elinder 1986). Estimates in normal humans range from
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approximately 20 to 77 percent (Elinder 1986; Goyer 1991). The net absorption of zinc appears
to be homeostatically controlled, but it is unclear whether Gl absorption, intestinal secretion, or
both are regulated. Distribution of absorbed zinc is primarily to the liver (Goyer 1991), with
subsequent redistribution to bone, muscle, and kidney (Elinder 1986). Highest tissue
concentrations are found in the prostate. Excretion appears to be principally through the feces, in
part from biliary secretion, but the relative importance of fecal and urinary excretion is species-
dependent. The half-life of zinc absorbed from the Gl tracts of humans in normal zinc
homeostasis is approximately 162 to 500 days.

J.39.2 Non-carcinogenic Toxicitv

Humans exposed to high concentrations of aerosols of zinc compounds may experience severe
pulmonary damage and death (Elinder 1986). The usual occupational exposure is to freshly
formed fumes of zinc, which can induce a reversible syndrome known as metal fume fever.
Orally, zinc exhibits a low order of acute toxicity. Animals dosed with 100 times dietary
requirement showed no evidence of toxicity (Goyer 1991). In humans, acute poisoning from
foods or beverages prepared in galvanized containers is characterized by Gl upset (Elinder
1986). Chronic oral toxicity in animals is associated with poor growth, Gl inflammation, arthritis,
lameness, and a microcytic, hypochromic anemia (Etinder 1986), possibly secondary to copper
deficiency (Underwood 1977). EPA (2000b) presented a verified RfD of 3.00E-01 mg/kg/day for
chronic oral exposure to zinc, based on anemia in humans. EPA (2000b) has not published an
RfC or Inhalation RfD for zinc.

J.39.3 Carcinogenicitv

EPA (2000b) classifies zinc in cancer weight-of-evidence Group D (not classifiable as to
carcinogenicity to humans) based on inadequate evidence for carcinogenicity in humans and
animals. The human data consist largely of occupational exposure studies not designed to detect
a carcinogenic response, and of reports that prostatic zinc concentrations were lower in
cancerous than in noncancerous tissue. The animal data consist of several dietary, drinking
water, and zinc injection studies, none of which provided convincing data for a carcinogenic
response.
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Attachment I 99-015/10-8-99

Risk Assessment Issue Paper for:
Evaluating the Systemic Toxicity, Reproductive/Developmental

Toxicity and Carcinogenicity of Tris (2-Chloroethyl)Phosphate (CAS RN. 115-96-8)

There are no records for tris (2-chloroethyl)phosphate (TCEP) on IRIS or HEAST (U.S. EPA, 1999,
1997), and no occupational exposure standards have been established for the compound (ACGIH, 1998;
NIOSH, 1994). ATSDR has not prepared a toxicological profile for TCEP and the U.S. EPA's CARA list does
not cite any documents on the compound (U.S. EPA, 1994).

Research papers pertinent to the toxicological and carcinogenic effects of TCEP were sought through
computer searches of the HSDB, RTECS, MEDLINE, and TOXLINE (and its subfiles) databases, covering an
unlimited time period. The literature searches were conducted in September, 1999.

REVIEW OF THE PERTINENT LITERATURE

As described in HSDB (1999), TCEP is a clear organic liquid that finds major use in industry as a flame
retardant for a wide range of building and consumer products, such as polyester resins, particle board, coatings
and adhesives, carpet backing, etc. Despite this widespread application and the consequent likelihood of
occupational or environmental exposure to TCEP, only a comparatively small number of experimental studies
on the chemical were identified in the biomedical literature, as summarized in the following paragraphs.

Principal Study

The most definitive information available on the toxicological effects of TCEP from long-term exposure
to experimental animals comes from two studies sponsored by the National Toxicology Program (NTP). The
first study focused on the systemic toxicity and carcinogenicity of the compound in F344 rats and B6C3F1 mice
(NTP, 1991a; Matthews et al., 1993), while the second addressed the potential for the compound to induce
reproductive and/or developmental effects in Swiss DC-1 mice (NTP, 1991b).

In the first study, 60 F344 rats/sex/group were administered 0, 44 or 88 mg/kg by gavage in corn oil, 5
days/week for 103 weeks. Sixty B6C3F1 mice/sex/group received 0, 175 or 350 mg/kg according to the same
protocol, except that 10 mice/sex/group were sacrificed after 66 weeks to provide blood samples for
hematological and clinical chemistry monitoring. Animals were assessed for clinical signs twice daily, and
body weights were monitored weekly for the first 13 weeks, then monthly. Animals that died, were sacrificed
while moribund or that survived to term, were subjected to a gross necropsy, and pieces from a full range of
tissues and organs were preserved for histopathological processing. Slides of tissues from all rats, control and
high-dose mice, and from selected tissues in low-dose mice were examined for histopathological lesions.

Carcinogenic Effects There was a dose-dependent increase in tumor formation in the kidneys of both
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sexes of rat receiving TCEP, an increase that achieved statistical significance versus controls at the highest dose
(88 mg/kg). These data are shown in Table 1. Renal tubule hyperplasia was primarily located in the inner
cortex and outer stripe of the medulla, and characterized by stratification of the epithelial cells with obliteration
of the tubular lumen. The adenomas were discrete solid masses, larger in size than about five normal tubule
cells, while the two carcinomas that were observed in male rats were large heterogeneous masses. The
incidence of these neoplasms appeared to be unrelated to the evident background nephropathy that is typical of
aged F344 rats, irrespective of treatment. Furthermore, tumor formation did not appear to be associated with the
formation of a2u-globulin-mediated hyaline droplets, a feature of renal tumor formation induced by some
xenobiotics that is specific for male F344 rats. The rats also displayed a trend towards increased incidence of
mononuclear cell leukemia (MNL) with increased dose, although, as discussed by the authors, this response
remained close to the incidence of MNL in historical controls. As shown in Table 1, there were also increases
in the incidence of follicular cell neoplasms of the thyroid gland, a response that reached statistical significance
versus controls in the high-dose females.

Table 1. Neoplastic Lesions Induced by Tris (2-chloroethyl)phosphate in F344 Rats
Target Tissue

Male
Kidney, combined adenomas and carcinomas

Thyroid, combined adenomas and carcinomas

Mononuclear cell leukemia

Female
Kidney, adenomas

Thyroid, adenomas and carcinomas

Mononuclear cell leukemia

Incidence (Percent) Lesions

Dose (mg/kg)

0

2/50 (4)

1/50(2)

5/50(10)

0/50 (0)

0/50 (0)

14/50(28)

44

5/50(10)

2/50 (4)

14/50(28)*

2/50 (4)

3/50 (6)

16/50(32)

88

25/50(50)**

5/50(10)

.. 13/50(26)*

5/50(10)**

4/50 (8)*

20/50 (40)**
Data taken from NTP (I99la) and Matthews etal. (1993). * p < 0.05, ** p < 0.01

By contrast to TCEP's effects in rats, the few neoplastic responses in mice that could be unequivocally
attributed to the compound occurred with comparatively low incidence. Thus, renal tubule adenomas were
observed in one control male, one high-dose male and one low-dose female, while an adenocarcinoma was
observed in one high-dose male. Additional "step" sections of mouse kidney yielded final scores of 1/50, 1/50
and 4/50 for the incidence of renal tubular neoplasms in control, low-dose and high-dose male mice,
respectively. The authors also reported a marginal increase in the incidence of combined adenomas and
carcinomas in the harderian gland of high-dose female mice. This effect was tentatively ascribed to the effects
of the compound, with incidence scores for this response of 3/50, 8/49 and 10/50 for control, low-dose and
high-dose groups, respectively.
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Non-Cancer Effects The primary non-cancerous toxicological consequences of TCEP in F344 rats
cc' -red on the brain, the effects appearing to be most marked among the high-dose females. The authors
c lered these effects to be the cause of poor survival in this group. Degenerative lesions in the cerebrum and
bi. stem occurred in over 40% of high-dose females, with affected regions including the thalamus,
hypothalamus, basal ganglia including the caudate putamen, frontal cortex and parietal cortex. The lesions
varied greatly in severity and showed a marked heterogeneity of structure. Thus, in some rats the lesions were
bilateral and symmetrical, while, in others, they were bilateral and asymmetrical or unilateral. As shown in
Table 2, statistically significant differences in incidences of these lesions were evident in the high-dose females,
thereby designating the mid-dose of 44 mg/kg as a NOAEL.

Table 2. Incidence of Principal Brain Lesions in F344 Rats
Lesion

Male
Brain Stem Hemorrhage

Pigment, hemosiderin

Cerebrum Gliosis. focal

Hemorrhage

Pigment, hemosiderin

Rons Hemorrhage

Female
Brain Stem Gliosis. focal

Hemorrhage

Mineralization

Necrosis

Pigment, hemosiderin

Cerebrum Gliosis

Hemorrhage

Mineralization

Pigment, hemosiderin

Pons Hemorrhage

Number and Percent of Lesions

Dose (mg/kg)

0

0/50 (0)

1/50(2)

0/50 (0)

0/50 (0)

0/50 (0)

0/50 (0)

1/50(2)

1/50 (2)

0/50 (0)

0/50 (0)

1/50(2)

0/50 (0)

1/50 (2)

0/50 (0)

0/50 (0)

0/50 (0)

44

0/49 (0)

0/49 (0)

0/49 (0)

1/49(2)

0/49 (0)

0/49 (0)

0/50 (0)

0/50 (0)

0/50 (0)

0/50 (0)

0/50 (0)

0/50 (0)

0/50 (0)

0/50 (0)

0/50 (0)

1/50(2)

88

1/50(2)

0/50 (0)

1/50(2)

1/50(2)

1/50(2)

3/50 (6)

15/50(30)*

12/50(24)*

7/50(14)*

1/50(2)

17/50(34)*

19/50(38)*

17/50(34)*

15/50(30)*

22/50 (44)*

0/50 (0)
Data taken from NTP (199 la), Matthews etal. (1993). *p<0.01.
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The most striking non-cancerous TCEP-induced lesions in the mice occurred in the kidney, with
histopathological sections characterized by a marked karyomegaly that was observed in approximately 80% of
mice of both sexes receiving the high-dose of 350 mg/kg. Furthermore, the occurrence of this feature in the
mid-dose mice of either sex (32% and 10% for males and females, respectively) identified 175 mg/kg, the
lowest dose group, as a LOAEL for this effect in B6C3F1 mice.

In the second study, the reproductive/developmental toxicity of TCEP was assessed in CD-1 mice using
the "Reproductive Assessment by Continuous Breeding" (RACB) protocol. As described in NTP (1991b), this
approach consisted of four tasks, (1) dose range-finding, (2) continuous breeding, (3) identification of the
affected sex, and (4) offspring assessment. Task 1 represents an essentially acute toxicity study to identify the
maximum tolerated dose (MTD) for the compound in the chosen animal model. In the subject study, eight
animals/sex/group were gavaged for 14 consecutive days with 0, 87.5, 175, 350, 700 or 1000 mg TCEP/kg in
corn oil, with continuous evaluation of clinical signs and periodic monitoring of body weights and food
consumption. In general, toxicological responses to treatment pointed to an MTD of approximately 700 mg/kg,
indicating that doses of 175, 350 and 700 mg/kg would be appropriate for task 2.

In the continuous breeding phase, 40 control breeding pairs and 20 breeding pairs for each TCEP dose
level were housed together continuously for 98 days and gavaged daily at the TCEP concentrations noted above.
Endpoints for this task included, clinical signs, parental body weight and average water consumption, fertility.
Utters/pair, live pups/litter, proportion of pups born alive, sex of live pups, and pup weights at birth. The last
litters born during the holding period following the continuous breeding phase were reared by each dam until
weaning, the pups then receiving treatment by the same route and concentration as their parents. These animals
were used to assess fertility in the second generation (task 4).

A 1-week crossover mating trial (task 3) was performed to determine which sex had been affected by
treatment in phase 2. Three groups of 20 breeding pairs, control males x control females, control males x high-
dose females, and control females x high-dose males were evaluated for fertility and the presence or absence of
morphological and histopathological changes to the reproductive organs.

In task 4, members of the last litter to be born in task 2 were allowed to reach sexual maturity, then
paired individually with a member of the opposite sex from a separate litter but within the same treatment
group. Gavage treatment was initiated in an analogous manner to that for the parents, and pairs were assessed
for clinical signs, parental body weight and average water consumption, fertility, litters/pair, live pups/litter,
proportion of pups born alive, sex of live pups, and pup weights at birth, as before. F, mice were sacrificed at
the end of task 4 and the presence of morphological and histopathological changes to the reproductive organs
were assessed in these animals, also.

In task 2, treatment with TCEP affected a number of indices of reproductive performance in a dose-
dependent manner. For example, the number of pairs that delivered a second litter in the high-dose group was
significantly reduced and only two out of 18 pairs delivered a third litter compared to 37/38 controls. As
detailed in Table 3, the number of pairs that delivered a fifth litter in the mid-dose group was also significantly
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reduced. TCEP treatment also resulted in a decrease in the number of live pups/litter, one of a range of
generally dose-related adverse effects on reproductive performance that were noted in the second through fifth
litters.

Table 3. Fertility of Breeding Pairs of Swiss CD-1 Mice Exposed to TCEP for 98 Days
Litter

1

2

3

4

5

Number of Fertile Pairs/Number of Cohabiting Pairs

Dose Group (mg/kg-day)

0

37/38

37/38

37/38

37/38

37/38

175

18/19

18/19

18/19

17/19

17/19

350

18/18

18/18

16/18

16/18

13/18*

700

18/18

12/18*

2/18*

0/18*

0/18*
Data taken from NTP (19916). * p <0.05.

There was no overall difference in mating indices among the groups in task 3, although the pregnancy
and fertility indices in group B (high-dose males x control females) was markedly reduced (Table 4).
Additionally, the number of liver pups/litter were reduced in groups B and C.

Table 4. Fertility and Reproductive Performance of Cross-Over Pairs of Swiss CD-I Mice
Exposed to Tris (2-ChloroethyI)phosphate by Gavage

Parameter

Mating Index

Pregnancy Index

Fertility Index

Live Pups/Litter— ._ . . ——— . ——— ...

Treatment Group

Control Male x
Control Female

16/20

12/20

12/16

10.3 ±0.7

High-Dose Male x
Control Female

12/18

1/18*

1/18*

3.0

Control Male x
High-Dose Female

15/18

12/18

12/15

7.2 ±0.9*
Data taken from NTP (1991 b). * p < 0.05.

In those F(l animals subjected to gross necropsy, a number of organ-specific lesions were noted in the
high-dose group, such as an increase in the absolute and relative liver weights of treated males, and a decrease
in the absolute and relative weights of the right epididymis, kidney and right testis. Sperm studies showed that
the concentration, motility and percent abnormal forms were adversely affected by TCEP treatment, whereas
there appeared to be no effect of the compound on estrous cyclicity or the average length of the estrous cycle in
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F0 females. However, a striking feature of the necropsy findings among a number of the high-dose F0 females
was the existence of a fluid-filled follicle in either or both ovaries. Histopathological examination of selected
organs was performed on 10 representative male and females from the control and high-dose groups in addition
to all animals that died or were sacrificed during tasks 2 and 3. In general, the dose-related histopathological
effects of TCEP were characterized by cytomegaly of the renal tubule epithelium and liver cells, most notably in
the males. Most of the other lesions appeared not to be related to treatment.

Pups from the control and all three treatment groups were weaned on postnatal day (PD) 21 for inclusion
in task 4, except that the high-dose group had to be excluded from this phase of the experiment because of an
insufficient number of pups. Mating indices in the control and treated groups were the same and the pregnancy
and fertility indices did not differ significantly between mid-dose and controls, although an apparent dose-
related decrease in the number of live F2 male pups/litter was noted. At termination, there were few if any
differences in gross necropsy findings among the groups. Similarly, epididymal sperm motility, sperm count
and the incidence of abnormal sperm were unaffected by TCEP treatment up to the 350 mg/kg-day level in F,
males. There were no apparent effects on estrous cyclicity or on the average estrous cycle length in treated F,
females. Histopathological examination of a range of excised organs and tissues were unremarkable.

Based on the markedly reduced fertility in mice exposed to mid-and high-dose TCEP, the authors
concluded that the compound is a reproductive toxicant, most likely due to effects in male Swiss CD-1 mice.
Based on the data in the study, a NOAEL of 175 mg/kg-day is suggested for these responses.

Supporting Studies

NTP (1991a) also describes a 16-week study of the toxicology of TCEP in F344 rats and B6C3F1 mice
that was published in the open scientific literature as Matthews et al. (1990). In this study, groups of 10
animals/sex/group were administered 0, 22, 44, 88, 175 or 350 mg TCEP/kg, respectively, by gavage in corn
oil, 5 days/week, for 16 - 18 (rats), and for!6 weeks (mice). Animals were observed twice daily for clinical
signs and weighed weekly. At termination, blood was collected by aortic puncture for cholinesterase analysis in
serum. A gross necropsy was carried out on all animals and a full range of organs and tissues were processed
for histopathological examinations.

To some extent the results of the study in rats were confounded by accidental overdosing during week 4
that resulted in the deaths of two females in each of the highest dose groups. Additional fatalities also occurred
in the two highest dose groups, most notably among the males, that were not considered to be associated with
this overdosing incident. A number of higher dose females displayed clinical signs as a result of gavage, most
notably manifest as hyperactivity and/or convulsions. Some changes were evident in body weights and in the
absolute and relative weights of some organs. For example, the final absolute and relative liver and kidney
weights were significantly increased in high-dose males and in females receiving 44 mg TCEP/kg and above.

Some reductions in the activity of cholinesterase were observed in the serum of female, but not male,
rats at the two highest dose levels. However, perhaps the most striking findings of the experiment were the
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histopathological findings of necrosis of the neurons of the hippocampus in 10/10 females and 2/10 males
receiving 350 mg/kg and 8/10 females receiving 175 mg/kg. As described by the authors, the affected neurons
were predominantly in the dorsomedial portion of the pyramidal row of the hippocampus. In the more severe
lesions, mineral deposits were present in the affected areas of the brain. In the high-dose females, neuronal
necrosis was also observed in the thalamus. Based on these findings, a dose level of 88 mg/kg would constitute
a NOAEL for the neuronal lesions in this subchronic study.

A similar dosing mistake occurred in the mice as described for the rats, but with no consequent fatalities.
In other responses, body weight gains were similar among the groups, and no compound-related changes in
cholinesterase activity were noted. There were increases in the relative liver weights in males and females
receiving the highest dose. Compound-induced decreases in the absolute and relative testis weights were noted
in males receiving the highest dose. In general, necropsy findings were unremarkable, although sections of
kidney revealed enlarged nuclei in renal epithelial cells in the high-dose mice of both sexes. These lesions were
observed primarily in the proximal convoluted tubules of the inner cortex and outer stripe of the outer medulla.
These data point to a NOAEL of 350 mg/kg in male and female B6C3F1 mice.

Metabolic Studies of Tris (2-Chloroethyl)phosphate

Matthew's group has also carried out a number of experiments on the uptake, distribution and fate of
14C-labeled TCEP in F344 rats and B6C3F1 mice. In one study, Herr et al. (1990) administered the radio-
labeled compound to male and female rats by gavage in corn oil at 0, 175, 350 or 700 mg/kg in either single or
14 daily doses (female only). Regional brain distribution of radioactivity was measured 2 hours after the single
doses or 24 hours after the last repeated doses. Briefly, TCEP appeared to be readily absorbed, widely
distributed throughout the brain, and readily eliminated and/or metabolized. Up to 85% of the radioactivity was
eliminated in the urine, although the comparatively small amount of label deposited in the brain remained in the
form of TCEP. In general, there appeared to be no specific accumulation of radioactivity in the hippocampus,
one of the putative target regions of the brain for TCEP, implying that if the hippocampal effects identified in
the NTP's 16-week study are real, then the hippocampus may be more sensitive to the effects of TCEP than
other regions of the brain, or that seizures involving the hippocampus may be induced by the action of TCEP at
some other site.

The same research group also compared the sex-and species-specific effects of radio-labeled TCEP,
using a similar experimental protocol (Burka et al., 1990) from which they were able to demonstrate that
elimination of TCEP-derived radioactivity was more rapid in mice than rats, However, the metabolic profile of
breakdown products of TCEP were similar in both species, including, as urinary metabolites, bis(2-chloroethyl)
carboxymethyl phosphate, bis(2-chloroethyl) hydrogen phosphate and bis(2-chloroethyl) 2-hydroxyethyl
phosphate. The authors speculated that the variability in species- and sex-specific necrosis of the hippocampus
apparently induced by TCEP may be due to differences in the relative rates at which these metabolites and
excretion products are formed.
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DERIVATION OF A PROVISIONAL CHRONIC ORAL RfD FOR
TRIS (2-CHLOROETHYL)PHOSPHATE

Arising from findings in the 2-year chronic oral gavage study of TCEP in F344 rats and B6C3F1 mice
(NTP, 1991a; Matthews et al. (1993), the critical non-cancer effects of the compound appeared to be the range
of histopathological lesions of the brain in female rats. As discussed above, there was a NOAEL of 44 mg/kg
for this effect that, in this derivation, is duration-adjusted based on the 5/7 days/week dosing regimen, as
follows:

NOAEL = 44 mg/kg x 5/7 = 31.4 mg/kg-day (NOAELADJ)

Modifying this NOAELADJ by the use of an uncertainty factor (UF) of 100, made up of 10 for
interspecies extrapolation and 10 for intraspecies extrapolation results in a verified chronic oral RfD, thus:

31.4 mg/kg-day/100 = 3E-1 mg/kg-day.

Reduced confidence is attached to the derived toxicity value because of the marked differences in
response to TCEP in female versus male rats in circumstances where metabolism of the compound appears to be
similar in both sexes of rat (Burka et al., 1990). Similarly, there are inconsistencies in the apparent effects of
TCEP on the brain of female rats in the NTP-sponsored 16 week study of TCEP (where the hippocampus
appeared to be the key region affected by the chemical) versus those that were evident after dosing for 2 years
(NTP, 1991a; Matthews et al. 1993) in which the cerebrum and brain stem were targeted. These discrepancies
tend to reduce the overall level of confidence bounding the derivation.

Since only a comparatively small number of toxicological studies are available in the scientific
literature, the question of whether to apply an uncertainty factor (3 or 10) for database deficiencies was
considered in the above derivation. However, based on (1) the existence of suitable toxicological studies of the
compound in more than one experimental animal, (2) the availability of a multi-generational
reproductive/developmental studies on the compound, and (3) adequate information delineating the metabolism
of the compound in the subject animal models, this option was set aside. None-the less, the relatively small size
of the toxicological information-base for TCEP lends a further contribution to the overall level of uncertainty
bounding the derived provisional chronic oral RfD, thereby justifying the overall assignation of low-to-medium
confidence to the toxicity value.

WEIGHT-OF-EVIDENCE CLASSIFICATION FOR THE CARCINOGENICITY
OF TRIS (2-CHLOROETHYL)PHOSPHATE IN HUMANS

The study scientists and peer reviewers conducting and evaluating the NTP-sponsored 2-year study on
the carcinogenicity/toxicology of TCEP agreed that there was clear evidence of the compound's carcinogenicity
in both male and female F344 rats, based on the increased incidence of renal tubule adenomas (NTP, 199 la).
However, the evidence in favor of the compound's carcinogenicity in both sexes of B6C3F1 mice was
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considered to be equivocal, based on the marginal increase in the incidence of renal tubule cell neoplasms in
male mice, and the marginally increased incidence of harderian gland adenomas.

Indirect evidence for the carcinogenicity of the compound has been obtained by comparison to the
known carcinogenicity of structural analogs of the compound. For example, dietary tris (2,3-
dibromopropyl)phosphate (TBPP) has been shown to induce neoplasms in the kidney of male and female rats,
in the forestomach and lungs of mice of both sexes, and in the liver of female mice (NCI, 1978). TBPP also
appears to have mutagenic activity, in contrast to assays of the mutagenicity and clastogenicity of TCEP that
have provided largely negative results for the compound (Aceto Chemical Co., 1989; Haworth et al., 1983;
Galloway etal., 1987).

The evidence in favor of the compound's carcinogenicity in F344 rats, while unequivocal, must also be
evaluated for its applicability to the carcinogenicity of the compound in humans. This is particularly important
since some compounds that induce tumors in the kidney of male F344 rats act through a mechanism involving
the a2M-globulin protein, a component that is not produced in the kidneys of female rats, those of other species,
and, most importantly, of humans. Thus, for compounds inducing kidney tumors via a mechanism involving
this protein, the animal-specific tumor incidence data would be inapplicable to the compounds' potential
carcinogenicity in humans. However, three lines of evidence argue against the involvement of a2M-globulin in
the induction of renal cell tumors by TCEP. Firstly, the study scientists conducting the study presented no
evidence that hyaline droplets, a structural feature associated with a2M-globulin-mediated tumor formation, were
formed in the course of TCEP-induced renal adenoma and carcinoma formation. Secondly, in a recent study
investigating the mechanism of compound-mediated induction of ct2^globulin formation in male F344 rats,
TCEP was used as a negative control, displaying no a2JI-globulin formation in circumstances that were positive
for other compounds (Pahler et al., 1999). Thirdly, TCEP induced renal adenomas in female as well as male
F344 rats, a finding arguing against the involvement of a2(1-globulin in the mediation of TCEP-induced
neoplasms Accordingly, the formation of TCEP-induced adenomas and carcinomas in the kidneys of male
F344 rats is herein considered to be a suitable response for modeling the potential carcinogenicity of the
compound in human beings.

In line with the categories set forth in the U.S. EPA's guidelines for carcinogenic risk assessment (U.S.
EPA, 1986), the compound is assigned a weight-of-evidence classification of C- a possible human carcinogen,
based on an absence of evidence of carcinogenicity in human beings, but limited evidence of carcinogenicity in
experimental animals, which, though unequivocal, was restricted to a single species in a single experimental
study. In line with the precepts set forth in the U.S. EPA's proposed guidelines of carcinogenic risk assessment
(U.S. EPA, 1996), TCEP is likely to be a human carcinogen, though at the lower end of the confidence range
applicable to that descriptor.

DERIVATION OF AN ORAL CARCINOGENIC SLOPE FACTOR AND UNIT RISK
FOR TRIS (2-CHLOROETHYL)PHOSPHATE

The 2-year study on the toxicology and carcinogenicity of TCEP in F344 rats and B6C3F1 mice
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demonstrated the capacity of the chemical to induce neoplastic effects in the kidneys of F344 rats, and, to a
lesser extent, in female F344 rats. The primary effect was the dose-dependent and statistically significant
formation of adenomas and carcinomas in renal tubules cells. Since these effects were most marked in the male
rats and appeared to be unaccompanied by compound-related formation of hyaline droplets, as discussed above.
the incidence of these lesions in the male was used as a basis for calculating a provisional oral carcinogenic
slope factor and drinking water unit risk. The individual steps in deriving duration-adjusted human equivalent
doses (HED) for input into the linearized multistage model (GLOBAL86) are shown in Table 5.

Table 5. Derivation of Human Equivalent Doses and Animal-Specific Tumor Incidence
Rates for Calculating a Carcinogenic Slope Factor

Group

Controls

Low Dose

High Dose

Animal-Specific
Dose (ASD)
(mg/kg)

0

44

88

Duration-
Adjusted ASD

(mg/kg-day)

0

31.4

62.8

Average Body
Weight'
(kg)

0.439

0.434

0.438

Human
Equivalent

Doseb
(mg/kg-day)

0

8.8

17.7

Incidence of
Renal

Adenomas and
Carcinomas

2/50

5/50

25/50**
Data taken from NTP (1991a). ' calculated from the data in the study. b calculated from the duration-adjusted ASDs factored with the
ratio of the animal specific body to the default human body weight (70 kg) to the one fourth power. ** p < 0.01.

Inputting the parameters shown in bold in Table 5, a provisional carcinogenic slope factor was derived
using the linearized multistage model (GLOBAL86) configured for extra risk. This yielded a slope factor of
1.4E-2 (mg/kg-day)"1, a value equivalent to a drinking water unit risk of 4E-7 (ug/L)"1.

RISK CHARACTERIZATION

Cancer Hazard Summary The 2-year gavage study in F344 rats and B6C3F1 mice presents clear
evidence of the compound's carcinogenicity through the induction of apparently compound-induced neoplasms
in the kidney of male and female rats (NTP, 1991a; Matthews et al., 1993). The primary response was the
increased incidence of neoplastic lesions, primarily adenomas, in the tubule cells of (mainly) males and females
of F344 rats, a response considered by the study scientists to be definitely compound-related, although some
neoplastic responses in B6C3F1 mice were considered to be equivocal. Based on these findings, the compound
is assigned a qualitative weight-of-evidence descriptor of C, - a possible human carcinogen according to the
agency's guidelines for carcinogenic risk assessment (U.S. EPA, 1986). In line with the tenets set forth in the
proposed Guidelines for Carcinogenic Risk Assessment (U.S. EPA, 1996), TCEP is likely to be a human
carcinogen via the oral route, with placement at the lower end of the confidence range for this designation. The
results of the NTP (199 la) study are supported by (1) the manifest renal carcinogenicity of TBPP, a close
structural analog of TCEP (NCI, 1978). However, the predominance of evidence on the
mutagenicity/genotoxicity of TCEP is negative.
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SUPPORTING INFORMATION

Human Data None available.

Animal Data The NTP study is the single scientifically rigorous source of data on the tumorigenic
responses to TCEP in experimental animals (NTP, 1991a, Matthews et al., 1993).

Mutagenicity As discussed in NTP (199 la), most of the studies that have addressed the
mutagenicity/genotoxicity of TCEP have yielded negative results for the compound. TCEP was one of a
number of study chemicals in a multi-center survey of the gene reversion capacity of compounds of potential
carcinogenic interest, but with negative results for the compound in question irrespective of the level of
molecular activation (Haworth et al., 1983). This finding confirmed those of the British Industrial Biological
Research Association that were reported to the U.S. EPA in a TSCATS by Aceto Chemical Co. (1989).
Galloway et al. (1987) included TCEP in a survey of the clastogenicity of chemicals in Chinese hamster ovary
(CHO) cells, but with negative results for chromosomal aberrations (CA) and questionable results for sister
chromatid exchanges (SCE) in the presence or absence of S9.

MODE OF ACTION

No data

DISCUSSION

From a structural-activity standpoint, TCEP might be expected to be positive for carcinogenicity in
humans, by analogy to TBPP, a compound that has been shown to be a carcinogen in a 2-year
toxicity/carcinogenicity test (NCI, 1978). Confirming evidence of this hypothesis is provided by the
tumorigenic responses to TCEP in the kidney of both sexes of F344 rats when the compound was administered
via the oral route (NTP, 1991a: Matthews et al., 1993). These data have formed the basis for an assessment of
the potential carcinogenic dose-response characteristics of TCEP, as they related to its potential threat to human
health.

BRIEFING SUMMARY
Designation

Class or Rationale Dose Response
likely low end linear

Basis for classification/dose response
1. Human data: None

2. Animal data: A 2-year study in F344 rats and B6C3F1 mice provided evidence of the compound's
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carcinogenicity. The formation of (mainly) adenomas in the kidneys of F344 rats was considered to be
clear evidence of the compounds carcinogenicity in this animal model (NTP. 199 la).

3. Structural analogue data: TBPP is a carcinogen in experimental animals, with formation of tumors at
the same tissue site (among others) as that observed for TCEP.

4. Other key data: Available mutagenicity and clastogenicity data are largely negative for the subject
compound.

5. Mode of action: No data.

6. Hazard classification/uncertainties: Evidence for the carcinogenicity of the compound is limited to a
single 2-year study (NTP, 1991a; Matthews et al., 1993). This study featured adequate numbers of
experimental animals (60/sex/group), and a full range of morphological and histopathological endpoints.
at necropsy.

7. Dose response: Linear
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fî
ce

1
C

ft

|

\

|

cc
=
CM

1

_

n

^

t-

Es
";
S

1
5
ie

Co
nl
*d

 {
vu
 m
ci
da
nt
il
i 
in
ga
st
xx
i

da
pt
hs
)!
 w
hi
ch
 h
av
e 
un
de
rg
on
e

R*
si
de
nt
ii
l 
Ad
uH

i
Q.

*

c

c
5
E
5

u

1
•fs
ii
|j
cc

c

Vft

j
i

1
c

_
in

t
S
B

sin
f
LL

U o

5 5
f 1
S '8

Co
nt
ac
t 

(vi
l 
mc
id
en
Ui
l 
d»
mn
l 
•

•n
d 
2 
(t
f 
de
pt
hs
))
 wh

ic
h 
hi
ve
 ui

Re
ti
de
nt
il
l 
Ad
uH

5
£L

E

a
c
§
S
£
S
c

II
.|-
|
g
K.
g
CC

"E

C

B

ft

|

i

1*
DC

,-

1-
0.

K

t

^
=

Sii
u.1
8

||

1 I
1

« 1

In
ha
ll
ti
on
 o
f 
Pi
ni
cu
li
Ms
 (
to
i 
lo

•n
d 
2 
(t
f 
de
pm
s)
] 
wh
ic
h 
h*
v«
 u

Re
si
da
nt
ii
l 
Ad
uK

S

|

c,
s
e

E
si
F

|
I1
i
x
T
J
oc

E

C

ej

I

i

i

1
DC

?

_

Z
in
t.
3

*t-
S
^

f
8o

1B. |

In
ha
ll
ti
on
 o
f 
Vo
Mr
ie
i 
(to

il
 to

 li
r

(t
f 
de
pt
hi
)]
 wh

ic
h 
hi
ve
 u
nd
er
gc

Re
ti
de
nt
il
l 
Ad
uH

|

§
cs
es
8
F

Sf.
h
•R.
g
CC

E

C

5
In
ga
it
io
n

O

|

cc
=
»
1

"

t

CL
s
"~
in

Lk.

1

e
1 f— 1

Co
nt
ac
t 

(vi
a 
io
ad
en
bi
l 
mg
nt
io
n

de
pt
ht
))

 *t
iic

h 
ha
ve
 u
nd
er
go
ne

Uf
eb
ma

 R
es
id
en
t

S
£
E

f

&

S

Se
3
8
F

a.f
g
t
K
|
CC

n
O

in
ft
C

o

I

cc

a.

IU

1

t-
in
|
J

I'i
f 5
f 1*£ ?

Co
nt
ec
t 
(vi

i 
inc

kle
nti

ll
 de

rm
i!
 •

an
d 
2 
(t
f 
de
ph
s)
] 
wh
ic
h 
ha
v*
 u

Uf
at
in
w 
Ri
tH
Mn
t

,S
CL

E

§
c
i
E
S
8
F

|

f

.
h
R
g
a:

l
o

in
ft

In
hl
ll
ti
on

u

1
cc

__

o.s
t
,5
Ki
1
J1
e
0 0>

-f
1 §
I

« 1

Inh
ala

tio
n 
of

 Pa
rt
ic
uL
al
ei

 (t
ot 
B

tn
d 
2 
(M
 d
ap
Vu
)]

 wh
ic
h 
ha
w 
u

Li
fe
ti
me
 R
it
id
en
t

1

1

E

1
E

3e
3

8
F

|

f

5
ifScc.
1
o

B

ft

2

o

1
o:

1

0.

W

L.
?

S
t-

1=

L)

ft
I t
a. ?

In
ha
la
ti
on
 o
f 
V
o
M
M
t
 (t
eit
 U
 l
ir

(t
f 
de
pt
hs
)]
 i*

hic
h 
hi
ve
 D
nd
er
go

Ut
tt
io
i*
 R
at
kM
nt

1

E

§
s
1
E

i
|
•f
.
SfScc
E
0

1ft

1

1

,_

i
11

=
f,.
in

t

1
s
*~
in

u.

1
J

f fI C

Co
nt
ac
t 

(vi
a i

nc
kl
an
ti
al
 i
ng
nt
km

de
pt
hs
))

 wf
iic

ri 
hi
ve
 u
nd
er
ga
ne

S
£
*

E

§
E

il
E
3

8
F

Sf.
*
5-g
£E

E
o

ft

j

i
,_
5
|
*

in
a.

t.

3

§̂

1 £1 1» •5

Co
nt
ac
t 
(v
u 
mo
dw
iW

 d
Mm
il
 •

•n
d 
2 
(t
f 
de
pB
is
)]
 wh

ic
h 
ha
vi
 u

In
du
lt
rW
 W
or
kt
r

Ss
B

1

c
?
E
3
§
F

S
f
'1
g
R
g
cc

1a

5
6

nh
ai
mo
n

\

1
1
|

i
,_
CL

!»

31

ui
i
t•a
B

if

1 1
I
• ?

Inh
all

tio
n 
of
 Pa

rt
ic
ut
aM
s 
(to

i 
lo

•n
d 
2 
(M

 de
pt
ii
)]
 wh

ic
h 
hi
ve
 w

Ind
utt

ria
l W

or
ke
r

a

|

1
C

I
E
?
S
F

i|-s
h
ft
1
cc

E

O

I
§

j

i

1
!

?
"
O.
in
t
5

i5
^

1

O

•=.?
i1 S

Inh
ala

tio
n 
of
 Vo
la
ti
kn
 (
so
l 

to
 ai

r
(t
f 
de
pl
hi
))
 wh

ic
h 
hi
ve
 u
nd
er
go

Ind
utt

ria
l W

or
ke
r

I

E

1
t

3

E
*
8
E

a
f
.
g
It
Ecc

O

in
O

1

i

E
|
iu

=
r̂?

in
E

t.
A
5
•~

i
|
e
1 ifĴ  ~P
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1
E
E
.c
U

s

™
tn

Stn
r̂mcn-
S
in

scn
tn

§cn
o
m

o
CQtn

S

Jto

1
>*

1
IJ
f £"- K
i $S —7:
E S

I i « i
1 3 = 1!
5 1 | 1 1i j T- u er ou _ 3 S 6„ g in c _ <
¥ is . o | i
i £ E £ CL
ij 45 -0 c = •
; 1 1 a g- 8,p tn 5 a ct <
£ e 5 1 £ |c 3 ifl </i CL D.
ij 12 S- S v yj * If V S OJ
LO i UJ LJJ CE CE

.?

1 ^
IT Z

.£ .5
1 2

-
•5 S

° = J£
tt tr

*
CJ 75

>

1 £
2 o !rn = £

CL cr

•£ J|
1 =•

C

B

tj

1
E

S

£ 'S
S °
CL

5
cr

LU

<

5m

cy
CJ

o
£
1«
Q
t!

^ u.
» UJ

^ iTjt x
f "
sT ^
S in
J: c;

n f- 000 r - ^ c r ,

| ? s § l ^ , £ 2 2
J C L C L C . C L C L C L O .

c-J

^ „ S -> <M L? 9
^ S - 5 " ' L ! f " ' n i Ss ^ -
cn

n

1 1 - 1 J 1 , ; ? 1 1

J o- o - a o _ C L C L O .

s

\* ' ™ ' " ̂  « 1 1
tn

-?a 8.^-°!?? » pi ^ . - O r c i E ^ C T > . > ."Jfti i > c r ^ r l ! ^ ^ f n n
E £ S ' i g j i 1 " - O T 3

u

*

$ 1 - S

I i II 1 ? i 5 - i 3
l l j l l ^ l L j f l l

1* |t s || e^ , z ^1 1 1 1! * i H f i^ £ ^ LL. C3 CJ 5 |?

j; C < ?J

o <
B

"-

i n ^ - u . o ^ L l f f s ' J ^
« ^ u - U J U J " J c j c j n J 5 5

|

1

c

E
™ f
Si

J ^

1 w

i 1
5i *
-0 JS= 5ffl T5
01 <in i
cn d-j -
CL ^

m «K s
•§> n
^ - ^

£ = g
m E S
« £ S
£ Q rc& ̂

£ « S

1 ! 1
i - 1° j f? t s
- 1 1™ I l *a ' « 1^ 5-
m S o o¥in S .*
3 w ̂  1in t i e
S K E £in cn «. "g
S b. 1 " I" i t s I
£ ™ c & -|
« ct 3 | |
• = « « ! , . Q9 S £ ^ „" 1 - 2 - 5 e
£ S S | -g
2 i - ° s
B5 ,1! 3" CN ^ S§ - n e t r ¥ a :>• « B n ja
™ s "E S D 1 °

fit i | ̂i If sin1 2-5 _ E «* >.
-£ S ? " 6 ^ 5s M sisS 5 S t 5 1 5
f | £ | j. a g

= ^5 i ? = Sa S « t g

111 s 3 J 1
S Si -1 1 SV LU

t 1 ! i l i i| | & 1 l o |
8 * S T i 3 s
5 Q- = f: K c I
cn •« ^ c E° v 12— S c- t ~ * o
S t- 3 * i £ "~ u
° 5S|-'[J = IJ!
1 S ^ S | j = | j
i5 o- | E J e S1 3
I s a * > o S !
^ ^ — S ^ t ^ s3fT5 f f 2 - ^ - -- tt
^ • - ^ c g f t S ^ *

US till i 5 =• C S T ^ S - i o - J : c
•5-75-5 ft~ 3 »->! i5>
^ E ^ c - S ^ a S

| | | | 1 -B | | 1 g
sis B 1 « 1 - 5 *
B| e • _ I 5 E g *
2 » 2 3 C c y j S , j $

?S ? ? 1 2 5 |^ I
2c5 ° § S i - S E
S i S s ^ S l i t l

S S ^ 3 S s L t : i n < L j j o :S o 15 o g. £S S c S S r c o i n m h - o5 S B £ a J - B « f f g | c j i g

• f t M t c t i i A E C L " " " " " " "
f t ? u f S < < < < <S— ; S i Z J r ^ - C L t L C L CL a

t C L p _ l ^ U J U J L U L I I L U

RR30I556



tn
IT

£
K

Ul
O

LL
IL
Zl
V)to3
oz

u
cc
Zl
10
_J
oin

*
o

o
u
ul

u 5_i Z

S 5Q -*,
— S F^ & 5
V Ul Z

° K "*
4 lil(3 j uj
< 5 £CC O to

Ul S) 1~ ? <CO °- U.

* < *"
Z J
O iff£ S
2 g
u
cc
ul1-
CJ
Q
Z

CL

in
O

5
o
o
Ul
If
<
z
>-
5o
cco
a
Ul

S
tniu

>

r-
^
4,
-IT
ci1
c

Jl1
a
c
£
V

sI

e
1
c

E

u

|

1
in

§cn
g
min
(̂
Q

tn

CDcn

I
O

§
cn
o
5en
tn

c

«
tS
E

fo
a
£
^
B

£ —
1 I
— U

L s S e 5
3 S S *>* -u ̂  ™ Q- u i n «

M A 1 1 *s g | n CL

! 1 'S § 1 S
? E 1 1 « £
: J? S o»5
j £ U UJ CE I

"o
ffl E
LT £*» i
"cc ^
£

•5 e
cj e s

cc cr

0 I>

1 c?
i l l

cc cr

LU S
3 •*a 5

a
c

c.0
c

o

E

CL

£

f ^
CL

£

1
5

J
LU

S
CD
1̂
*

O
H

a
'S. "

61 *i
t S
31 *"

1?& *
•6 CL
8 £
S <
"S tn
E *
n cj

<•>
* o i ^ S o & i r > o
4̂  5. ~~- £ ' "~ "~-

* a a o. a D. CL

m v

- 2 - 5 cc S ^ S l i
flj "~ U - ^ OJ "~

in 1
CJ

r>
•* °* § S S °° ™
« - 5 2 i : T w ^ , _ 2 2
J CL CL a_ a a a

o vi .4 s .g -.
• ^ 5 ™ - " ° - L U u ) S 5
i> U - " S •»i ftn i

CJ

4 > ; ^ > - ™ t : C T ™ >
E "» ' 1 J r S - i " " ^ ^E > -g

•Dit

§•
UJ
t: „

^ *• 5 _ 5

S S ^ c ^ ^ ^ v c J g

y f l - L t ^ s ^ K ¥

1 1 1 " m ̂  ̂  l|
6 *. ,§ <
1
E
tn

CL
CO 01 _ () -rt n u . c o > L L C i I 5 ' '

0 < g L U L U L U 0 [ I ] 5 -

tn

I&

*
E
S

I
1

i:a
c

E
c

i
3

>

£

•&

"1

O

Ljj

I

tn
inn
it
52tn
•g,
g
£
mcn
.E

IT5
7̂
CDm
Ul

cS

i
m
•̂"

«-s
CO
Ul
_̂-
CD

~

1

C

1

S

Ieo

i«
1
c

5
Tj~
CJ

t
-1

2
3
LL
i*
C
t
3
O

2
>
£
™ F^

ff m

i t
is

s ||
^ a %

5 £ -8z t" <

5
h-

1
.IT
£
ii
1<
c
"
JS
B
<

a
c

b£a:
cn
g

£
c
x.i .
3 C

n E
£ S

1 •
t£^

"g ill

- S

t I
in ™
t 1
-E ~̂

t^ M

= "̂

B 1

S 1
E 5

wi
th
 C
ro
ss
le
y 
F

re
cr
ea
ti
on
al
 c
ar

S i
1 5

I "
- 1
i £
~s -E
1 ^
- 1
>

B *
1 1
CJ "̂
~ 7& J
^ |

E S

• (li.npe.ijii
; I'd issjj*If

c u

^ o

s _
=• c
1 8jo S
ro j

f 9

i -
Q. g

1 |
s «
S ^
jC V

-J

-.
E
ii
"5
1?

1
>.

f
6
r-
s;i>
*
_'

Z
5

v
S
E
Zi

I

1
it
•8
ii
"E

f
aS
J

1

I
E

5

jQ

13

1

is
r

I
|

.8£
g-
m

i?

*
"c

E

1§
«
| &
J -o
1 tl
^ 1
^ >

t ̂
f I1 I
1 1i i
$ CL
—~ -̂,
3 5

S
0

1̂
9

IT

&
a;

I

U
S

S

™

3
LU

<

fe

Iic£
5s
LU

I
C

3I

5
s"
4?
I
£

i
5

E

|

1

cr

i"".
Q.
LU

j.

£

Ie
i
1
jQ

Cs
ttn
A
>

1

H
o

2
%
LL

5

1
t
1S
T̂

1

i
1
tn

ii*".
d
UJ

S
E
^

is
it
H

c
2
01

&•
3

U

c

CL
<

-=-

1
-

5
a
w

1
O

<

I?
"".
CL
LU

Ir
E
a
>
D

1
•Q

g

CD

-

I

3
1
î
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ĉ
CD
CO

mtn

OJ

"5

—tn
E

1

1
CJ
c

S

0

S j?

> ^

3 B o 1
^ § « u
[ 1 J 1 1 1
f 2 1 | S oi

2 c *; ^ S 5
: ^ o o * i*s s 1 | g §
O) £ LU LU (I LT

1 I

P Z

CO o

S 5c;

1 i?
CJ g 5

L? tt

Cu

CJ ra

S |

ff 1 1
cr rr

1 >

rZJ

o
c
I
1
CL

j|
CL

5ott

1
LU

5 s
1 r t
P 5
< -B
* i
l « g .
* £ ^s ^ <

1? *" £ M
"9 ^ -g g
f01 z " ra

« ° D

I M i£ U if S

mi s s i s
™ a ^ e H v_ ̂ ^ ̂
CO Q_ CL CL CL

V

*/ ct

iS tS S ui
" ^ ^ " ' " ^ S S c *
CO u

o

i§ s il i
Si tt CL tt CL
$ UJ UJ LL. UJ

.(J

*~ u " '~ — r^S
? EOJ w

CJ

Sf f l ! f l ° t i
73

•= _ —
f O] j- cj

Co ? C -^ U

1 1 j 1 ll ||i
oii|«|||^
y — « LU JO

6 > •?

0 , L L z K U - D 5 t f 5
0 > - U J U J U J C D 5 5

=

|

-

1
1

y

J£s
U

f
1
1&
0;i?
S
ITJ
^ S

ru |

<o rr

e |
a. S
01 CC
UJ tJ
t I c

i 1 f
* -3 c^ s ™
•I ° 1
^ 2 ̂  LL

^ * tii

" " * 01 £

? J 1 1 cS

| ^ E ̂  ̂
s * I | S

5 c5 JJi -^ c Q
2 — >• ? s uj s
^ £ | ra g c ̂

1 1 1 1 1 1 §

5 ' o f I o 3 a
c g £ 1 f S S 1 "
f * g g £ ? - §

C f l r a i z " ' - ' c t i ^ 1

i S o ! " ̂ * ^ ^

E 1 | ; 7 I l l l1 1 1 i i § i & !
3 ^ E S c i - ^ 5 ^ —
^ ™ 3 ^ - r a ~ 3 = S t 3 g
is "^ J" ° S S - B ^ 5 =I f i j j i l i l j j l
S s S a s ^ ^ i l ls " ^ ^ ^ E i | s |
6 > £ E 6 £ K ^ 5 u .
2 — 4? S1 § § is £ £ ff

- i H i i i ' s i l l
8 1 S 1 ^ 1 « a " - ̂l ^ f l s . l ' l c l . i c l g
g eft CJ LL tt CL CL

i F s s H S s t i i i

RR30I579



*-z

5ul
01

£

o

^E
AT
IO
NA
L 
CH
IL
D 
C

VA
NI

A

_ CJ SSuj <ncc z
» UJ Z
° G Ko n LU
ec. * in
^ v 3
S?5

TA

KE
 C
AL
CU
LA
TI
ON
S

CH
OS
SL
EY

ED
 F
OR

 D
AI
LY

 I
NT
A

u

VA
LU

E

CJ

c
S

Itt
1

c

3

1

g

£
E
1m
£

i
i.
s

S % TS

1 i l l s
CJ 1 * tt 1WJ 3j * u- rc

» _ * I = s
S * E ° 1 Si E 3 - -= U
E 1 1 5 % S,p tft 2 Q. ri <

| £ | | | I
S s * S1 « c&
Cfi S LJJ UJ EC jf

1 i
u! ?
i S

" I J!
tt Ct

CJ "ccj>

s 1 it
tt cr

•j -5
K >

£
c
D

ce

Q

E

CL

S o
tt

ID

*
UJ

P<

CO,

CJ

o
t-

Cl

I u=

1 oi
— cc
3 <f>
£ u

„ & . a a

^ <" — < <t < ' ' < < <

J s _ » c , , ^ 5 , | l g
to

° I L t t U t t C L O . C L

^•? m S ^ ^ S e
" g - g a J i ^ ^ ^ S *
4I/I

^ T J . - ^ S u l E ^ u * ^ : ^

If ' I s - I s I " ^ ^

e
I "
1 = 1 - f* f c *. 5 £E i i l S g s l . s ^i f l i i ^ i i i t f i
5 * c L l - a > r t , = 5 - 1
1 d e 1 3 || | |- B |
l l T 8 S . i i 2 = = l S S 1 =
|HS ° ° 1 §

u i

m ^ - L L O ^ - l S s ^ ?
O t t " - L U U J L U 0 0 [ n 5 . z

i

?
1 1 1 1 1 1
5 p B s s ̂
0 0 0 6 0 g
c c r c c ISfi a g g g g
tt O 0 U G - O
4> 4 <t 4 flj *" Xcc tc D: cr CE 5 W
ut in w ifi ia ^ [C

| ! f i 1 I 1
c c ™ r c > °i
* | « -e C * "g
s s a S s i ? " 1
C* C1 ? C* S" * C D.

^ 3 5 = 3 * Si -g
T l T l t j - t J X l , ^ J >

o o c a a Q i j — ic o o i i n t n i / i ° |±^ i s ^ s s l s
l O O l C O O J t O C L s = I -
^ ^ - ~ _ _ _ _ O i r e
c E | g c c E $
J E i i E E g t ^ i r '
" S S S ' F ' P ' S C ^ ^ P Ot o c n t o o j t n c o c p Q ^
£ £ € £ £ £ S ^ K s• S i S i S i s l ^ B
.2 ^ S 1 g 1 5 x ^ £
3L 9L S. 1. i !t c o ' "O V C T O l O l O J C i T l ^ ^ C 3 h > .

| | S E E E f l g S
c c c c c c -? m ^ '$ -S $ -8 -g •$ - = ^ i
g s f s ^ i - j 1 ^ I g
c c j c j n j f j g H r J J c 2 c c

c g | | | c S - c g a
c j o y c S c S o " S u 1 "
5 > i > ^ i » i » i i L M - I — —C C C C C C UJ >- B i

c r t i n i o c n o i c n ^~ £ i- £
i i i i j l j l . c ̂  = I

O J C p O l t O L f i l O ^ " r f r t t 1 1 -

ii ii ia ii 'ia S* .̂o , * C *
c c c c - i i i i i o ? 1 1 " ^i .5 i i g § e * i 1 2
O O U O U O f f i » | ^ ^
^ £ £ ^ ^ ^ ^ i n x E K =
" ^ t i ' t J ' C ' O ' C ^ s ^ E"1 cj E J E ^ J s J E i i g i ^ - ; ' ^ O

S O o g Q O ' Z y ' q l S £ C C
^ J c ^ l ^ j g l l o ^ € <

U E A u > c , n j n ^ ^ S c ^ - 0

E l l E E E l S ^ ° L ? |
— "- •- "C? ^c *E
Q . C L Q . D . a o - . ^ ^ ' i J 5 E

f c S S S S S S g l e j i S l S* g S S g 8 l i i r ^ < ^ C L
1 s - & | - e & & s ^ f - i i / > r . o
C f i u d i - e * * * ^ 0 1 0 * " 1 * 0
" ^ t n S [ L 1 j £ S S C L " ~ * ~ * ~ J " ~ r d
£ jC JC -C JT £ Z < < < < <

AR30I580



t-
Ul
X
5
UJm
E
£
<
z
u
LJ_l
z
CJ
-1

Ma

t 
(R
AG
* 
D 
4.
37
]

IE
 A
ND
 C
TE
 R
EC

M 
SI
TE
, 
PE
NN
SY
L

ul ct !

< z

E 
CA
LC
UL
AT
IC

CR
OS
SL

<
Z
V

JS
ED
 F
OR
 D
A

If!

Zl

<>

J

1
Tl

CJ

c
-
S
cc

5
8

1
C
C
3

1
3

*
^
in
6

&

S

5 ? c
t G 2 -
Tl c - J *9E 2 i S 7
" I « 5 Si — a c —
= E 1 - 1 °
? 1 I | 1 S
|Z tO * CL. Q. <

5 1 1 5 t I
5 I LU ul rr cc

I E
g- z

|i

js S* cG i S
CC K

C |

- ?
"• H

ff CE

£ 1
o: 5

c3

Pa
ra
me
te
r 

De
fi
ni
ti
on

I |

"5

|
LU

De
rm
al
 A
bs
or
be
d 
Do
se

 (
mc
jV
Vf
j-
Oa
y)
 =

CS
 i
 S
MA
FB
P 
« 
DA
BS

 »
 E
V 
> 
EF
 «
 E
D 
> 
CF
T 
i 
1/
(B
W 
* 
AT
)

j g §g gg g
™ V . JJ ^ . 1 .

f Q- Q- CL Q. 0. CL
*? UJ UJ 111 LJJ UJ UJ

Its'? „ g » S a
^ C g - ¥ " S 2 S G
1 |

P

•J s x ̂  S S S
•- — a — < < < < <
£ H- CL d. 0- CL 0.
X UJ UJ LU LU Ul UJ

„ 1
•- X
? « " ? OD S t t ' S g

in J
5

f 1 • j f If "li

'o

Ch
em
ca
t 
Co
nc
en
lr
ib
on

 t
n 
Se
di
me
nt

Su
mm
at
io
n 
[A
dh
er
en
ce
 F
ac
to
r 
pe
r 
Bo
dy

 P
ar
t 
Ex
po
s

De
nn
al

 A
bs
or
pt
io
n 
Fa
ct
or
 (S
ol
id
)

Ev
en
i 
Fr
eq
ue
nc
y

Ex
po
su
re
 F
re
qu
en
cy

Ex
po
su
re

 D
ur
at
io
n

Co
nv
er
si
on
 Fa
cl
or
 T

Bo
dy

 We
ig
ht

Av
er
ag
in
g 
Ti
me
 (
Ca
nc
er
!

Av
er
ag
in
g 
Ti
rn
a 
(N
on
-C
in
ca
r)

CL
i o i t o ) > L i . a r 3 " *
C J S < 6 J L U L U L J ™ < t

in

S

3.

i

Ii
E
v

1
£

e
f |

"? •¥ <V <9 •¥ J °

& * & & i 1 1
2 2 TI TJ 5 CJ p

p> * ff • S cf =
E & S 2 £ " Sct tc a ct ct J S

1 1 1 s | ? 1 s
* i 1 S i ? * 1
? ? ? ? ? 5 ? ?1 1 1 1 1 ! :- *S S S S S c o , Et r r i ? | f -
«*T?Tl3|| |
o K ' o ^ u > « - », *
n Q Q Q Q o E C &
u i w y w t o ^ ^ 3d ^

l l l l l l ! 1 1
1 1 1 1 . 1 1 * I E^t A t o t o i o i A i n ^ O 4 0 1

s § | g f s e s c j 1 2
I- f- & f f 1 e :=*!?ieo B o o B fl ̂  o *- o E
j S S j S ^ S S i S S g O

* * i s « * i ?|ifc?
i l i I l f 1 l 1 & *
•! 4 4 « 4 I 1. r * •* S

5 1 ' " 1 1 1 »M1
1 1 1 1 1 1 ! Illly p y O u y * > £ c ^

? $ c ¥ ? E 3 £ £ P O^ 5 t t fc ̂  S * *= JS
' D . 2 f i ' § i § ' § & 3 « 1 j B

i =? f 1 i i f I 1 1 1
I S ' S l S ' S ? T o u »lil?,*!! ^ 5 ? 1^ 3 3 Z I Z i ^ p ^ 3 p D - 5 i
• § 5 : 5 : 5 5 1 ? - s g - " S
b & fe S 6 fe f >. S t: 1
S t C C C C B T l i T t l U J
P P I 1 P 1 B i p E J B^ S i i i i J S € § * *0 o 0 o o o 8 S S i n j s
^ ^ j S ^ ^ ^ l . ^ i E f E
l S S 2 1 S * - 3 a ^ l D c i

^ 5 a - T s - S j 3 £|o & 1 <
S S S S S S l ^ S I ^ x S 5
E S E E E E i - i l f E l
l l l l l l t i a - 5 . ? ^
a a a a a a f l l l § i I
t e | e t E l - | ^ i i S e i B

| l i l l l M | " " - " o
t » D D 4 C t j U « D 3 £ a O ' O k O > ^
j | | | | | | * CL ' ' ̂  ^. «

AR30I58I



DI
ME
NT

ifle
s

XX
ES
CE
NT

 C
ON
TA
C

HE
-A
OO
LE
SC
EN
T/
Af

V
A
M
A

<
z

g
Ul

j"

D
O
N
S
 -
 R
ME
 A
ND
 C

CR
OS
SL
EY

r 
IN
TA
KE
 C
AL

CU
LA

.j
<d
CLo
oultns
Zl

<>

f-.
r̂ .

|

t:

J>
*<

8
i<
1
i
Ia

£

C:r=

o

cn
H

€ K:
* T

1 It£ Oi

SL *-"* c:
— g= i * i

- M 5-u _ ~ £ £
£ £ ? ff 5
3 1 - * 1
i g E S 8 S
£ 'S * 6 °- S-
,Z CO 5 0. rj_ fl;

I £ 1 I I I

S 1 £ & S ao J5 w iT * *

"e
S E
5 Jj

U ° £

tt cr

O "<5

T5 1

rr cr

2 -5

c
D

g
C

1
E

Q,

i «
Q.

i
3

1
LU

CC

CJ

CJ

LJ
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CT CT CT CT CT O* Ol
E E E E E e E

i-O CD r- -̂  O CTJ r̂o o p o o o cp
UJ UJ UJ UJ LLJ UJ UJ
0 fN ̂  Ol <C tO OfO m CD ^ o r^ -^-

5 5 2 5 S 2 S

ci CT ̂  o> o> o> d>!p E E E e E E!

5 o o o o o o
UJ U> LLJ UJ UJ UJ UJ
O> cn m f\j p -- inf> ^ n 10 oi ̂  co

j' je n̂r ̂  ,J£ jt je

E E E E E E E

SO *- •* « Q --o o o b S o
UJ LU LU LU UJ LU LU
CT5 CB PJ tN O -̂ ift
fO ^ fO (£> OJ *J CD

| o | 1 E |
E ^ l ^ c ' i l s
S t ? c g j S r a °< < o l 5 i £ > b

ra

Q

=l
O
_i
U

tr

o

RR30I6I»I



UJ
i-.'

oS

trt
Ô
cc
r~-
LU
_l
03
<
1-

_J
O
CO
LU
O
LLtr
D
CO
Xt
^
o
r-zo
CJ
t-
Z
LLJ
O
CO
LJJ

O
Q «t
< LJJ =?t- tr <z => >
UJ CO — 1
O O >
CO Q. tO
1 1 1 y >T

d m S
IPi"/̂
Q_ ̂
_j 2 5< LU tr
O to LL
felS;uj O -Jn: co to
O<f C/J
LLJ LJJ O
rr tr CC

O
CO
Dtrs
<I
tr
UJoz
o
zoz
LLo
zgi—

CA
LC
UL
A-

TJ

JO

cr
3
c:

Ei
i
o
CO
T?

Ol

o
CDcn

0

UJtn
-

IO
COcn
IM"o
m
tn
CMo
CQcn
CMo
COcn
8
mtn

CDtn
ocn
01

?
in

VI

co
ffi
CJ

Z

I
Q.

ra

"o
./j
S

o "zi
3 c
J- S °-
1 115 y 2
CJ ^ ra

a n
o 
Ti
 me

fr
am
e.

jm
. 

Su
rf
ac
e 

So
il

su
re
 M
ed

iu
m-

 
PI

su
re

 P
oi
nt
; 

!n
na
l

c = o o
S a S- &
cTJ 2 UJ LU

10
C.0

£
vcr
c:o
S
CJ_

CL

Os111
tJ
cc

t*.
T
tD

5
'c
01

s
o
TO

c

i
"5
TJ

tfc
LL

5
5
0>
fL>
cr

TJ
Itl
en
I

c

LT

o>
£J
£
.3
CE

01

01

I
d

c

ra

CJ
CL
UJ

01
3
cr

oa:

Me
di

um

e
-6

Hi
CJ

01

oo
Ul

c
*

O

c:
-~
2 tn

C
O

t:o
ra
c

O

c
Ĵ
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O) O) OJ O* O> O> î Oi O> "&1E E £ E E E = = = 3

S O — j T O J O C V C M O J C U
O O O O t P O O O O

U J U J U J U J U J U J U J U J U J U Jc S O C M i n h - C i N c - j r ^ C M
C D C O t D h - O l T r ' ^ ' - t J D - -
— c o c v < T J i n r o i n ' m r - - . i n

01

tu £
C JZ
g oj E
1 1 Ioj £ >, 3

i 0 i 1 .itf s•1 i I c 1 ! t f ! 1= e c g r a » o . £ i r< < O J z S S a ] c 3 c f i o

"5

a>
Q

C-J9
LU
Ĉ
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Ô  CT Oi O> Ol CT
E £ E E E £

?S CO HO CD CO99999
UJ UJ UJ UJ UJ LULjo co cJj i~- to m01 r-* co o co Oi
to in CM fl ^ -̂

2 2 2 S 2 2

Ol CT Oi Ol Ol o

CT QJ CT Ol CT 01
£ E E E E S

?•- fl CO — CMo 5 o 9 o
uJ U) m LU uj LU(̂  rt cy o S? N-w CD CM « P *-
oj ^ oi -- te (c

CTi CT O> Ol d CT

f&> Ol CT oi O)
E E £ E 5

S-- fl CO ̂  CM
O O O o O

Ul UJ UJ UJ UJ UJ
CM co tu e f> r-
C-J CCJ OJ CO O _
cu — ci -̂  f> ta

01

. !
E t£
i •¥ 1 § ti i E if * ?- S e J -"= 5< < j= 2 i- cfi

In
ge
st
io
n

CM
9
LU
CM
fl

i5
5

fo tn oj CM ^0000^
LU UJ LU LLJ LLJ '<D tp co m co h
(̂  l?) O lO CD
00 CD ..— ^ CM

H Z Z ̂  Z Z

Z Z Z Z Z Z

•rp ^ T> ip "p -o
Oi Oi Ol CT CT Oi

CT O> Ol Ol CT Oi
£ E E E E E

99959
yj UJ UJ UJ UJ •

CNJ co co 01 r-

•9 T3 Tp TJ T3 T3
OJ Ol OJ Ol OJ Ol

OJ Ol Ol OJ OJ O
£ E E E £ £

?to co m CD F-.99990
UJ UJ UJ LU UJ LUco r~ G t*. CM r~.•a O) •- co o o
r-̂  -̂  co fl CM oj

£ 2 2 2 ^ 2

rtl Ol Oi Ol CT CT

E £ £ E E 3

S-- fl CO •- CM
O O O O O

UJ UJ UJ UJ UJ UJCM co cw 5 g r^.
CM CD CM CO " --
cu •- cri — 10 co

CTP Ol Ol Ol Ol Ol

OJ OJ Oi Ol OJ Ol
£ E E E £ 5

3 o o o 5 S
LU UJ UJ UJ li UJ
CM CO CM O Q t*.
CM CO CM CO O •-
rj „ o, ̂  10 10

01

§
01 >-

E E A
B u £ £ $,
S F 5, 5 o
1 1 E S? * £
1 1 1 2 i^ £

De
rm
ai

CM9
LU
Lfl
LTI
tc

33i-

7.
97
E-
02

91

O

To
ta
l o

f

Q -0 .. « j» j. .. E 5 i _ . ~ : E i i , , ^ : = l ^" . S c z E S O O a , . e F i O z i , , e p W T 7 T -
CJ
CO

3 3
B <I

QJcc

o

RR30I7Q7



UJ

,« x zO LJ z
Z s UJ
=• Q.

Q
<

LU O 00 u.
CO i Z ui
< O O _lt- , (/) w-<g

o

<
£

01 j=
E
" " K H1t5

I I i ° is
g 111 i s

1 o

c

LT: go

01 3

S s
cc oo
g |
£ 5
t So: Q

S

a

I
S O c

" 1

I
01 C

S U
- |

TJ L. C

rx .§ ™ ra
UJ -5 z n

O

1 " S

3 a. —
c? uj >

1 0 2
=5 Q. c
* UJ -J

1 0 |

3 1 SE 1 S

01
.5 01

II
UJ

CO CO CM (O
0 0 9 0

z z z z

z z z z

t E E t?

?fl .- r-J000
LJJ LU LU UJ
S o S fl
r- CO tO CM

>•>•>.£.

OJ CT4 CO CQ

I If £ E

n r- to in9 9 00
UJ UJ LJJ UJ
CM CO tj) --
M — Ol fl
fM CO (0 fl

2222

Oi OJ Oi OlIlll
s s s s
OD i- lf> CD
co rt •- *—

CO LZTP OJ O>

01 a cji oj

(O O fl (Mo o o a

CO [O r- •-

<u
E S
? y i
1 1 *t *) ,_ c
1 1 e 1

5
01f

CM
O

(B
O

CO fl f) fl
9999

*- ~- (M OJ

Z Z Z Z

z z z z

tl. il CJ.
£ E E

»- fl -- fl9 909
UJ LU UJ UJ

CM IO CO OJ

fill

?r~. fl cp
999

LLJ LU LLJ LU
to r̂ - fl 10p to to in
>/jL in co cn

S 5 S S

°- °> » «

E I1 i? £

M 0 fl CMo 5 o o
LJJ LJJ LLJ LU

•- in to
to to f- •-

ttft

co O fl r-jO o o o

CO CO *- ^

eo
E «
c ° S£— F CT

01 ._ Ci l l s

Q

fM
O
III

•"

I

• • ^ v ^ ,se = = I •§-i in cn O- d
~ O O 01 tJJ

5 LU uj o: tr
J.

E

2 «

! s,
E

co

RR301708



RA
Gs
 D
 7
.7
6.
RM
E)

"*""
r-
UJ

a<
K

OL
ES
CE
NT
 C
ON
TA
CT

 (
IN
G.

MA
XI
MU
M
 E
XP
OS
UR
E

[M
 S
IT
E,
 P
EN
NS
YL
VA
NI
A

Q UJ tt
< -i <? m u.
x < >
SoS
«SK
S UJ O
O IT OdS o<;
UJcc
Q.
_Ĵ
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eg to î  in 3 CM «;9900099
KLLI UJ LLJ LJJ UJ LJJo CM r-- t£p r̂  inoj m m 01 co co î
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Sgliĵ  K UJ uj

5 J Z SE.O uJ cc

"J K < >
-^ Z tt UJCD m »V"- i
< <j Z OT

Uj CJ O

O 0o
Ĥ
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Zl Zl Zl Z? Zl ? zf

^ fM ̂  o cp CN Q
O O o 0 O O O

UJ UJ UJ UJ UJ UJ LU8 on Q o Q 10 0p P o p eo o
fM --̂  ID ^ tjj fl rt

Cb CT OS Ol & OJ Co
Zl Zl zl Zl Zl Zl Zl

•- CM ̂  Q O CN Oo o o 5 o o o
LU LU UJ UJ UJ UJ UJO eo fi o p ID a
ifl O P O O tD O
CM r IO -^ O1 ̂ fl fl

'ai 01s g
. S i T lIll s Es i 1 i sK « P to z>

I 5 1 S 16 1 S 6 o 1•c E S fi £ s €OJ Q *N CD O) 'C "C
CO J= -̂' O 1- t~ H

3
•n

a

8+
LU

-

S
O
t

g

k

To
ta
l 
of
 Ro

ut
es

3 «'
8 OL

tn
UJ±
o_J
Io
co
Q
OL

3i
a:
UJoz
o
zoz
u.

I |
Uz
Q

O

AR3GI846



o
CO

JO.
J-t
UJ

I
UJo<
LL
OL
=> <
CO

UJ x Z
Q LU LU

£ t- Z £— o uj a:r- < l- <
LU

<

2< o•- - z
Q OCL

<

£

Tl H

S 1H
s|| Jfl B

* 1 ̂o: oo

s 1| J|
01 tt
"Z 9cc §o

* 1tt D
S tt
"5 oa o

8

1 5
o:

?
0) c «

1 3 1
~ 1
.!-S ™a u= <=o

•p ^ tje 1 5 -a i f j
w o -2*•- raO

| 0 S
g 0- C
Lt LLJ D

s a so: LU >

3 0 -S
•D Q. C

^ 51 a 3

Ch
em
ic
al

of
 Po

te
nt
ia
l

Co
nc
er
n

v
3 |li
LJJ

in iff >>. re to fl ep9 9 9 5 3 9 9
LU LU LU UJ LU LU UJ
fN Pi CO fl fN fl fl.- i- co .- co in --
i- ; •- T̂  fl IN rv rt

Z Z Z Z Z Z Z

< < * < < < <
z z z z z z z

>.>.>.>.>,>.>,fo ra ra n n ra n
? 7 ? ̂  7 7 Y,
***«'«•?<cJj oi co oi o* o> en
E E £ E E E If

CM »— CM IT- rg (*> »t-o ^ o p cj cp e?
LLJ UJ UJ UJ LU LU Ul
8888888
*̂  ri <r~ i- *- ID #i

to S Sj nj to ft ft•? 1 •? •? 7 1 f.
OJ Cp O> O> Dl O> O>

t E E E t E E

c? 9" cp 8 c? c? t?
LU LjU UJ LU UJ LU UJ
SfS rO fl (N fM --rt r6 i- to ul fl
r-J rt -- « fM -̂  cn

3 S 3 S 3 3 S

•= 5 *= "̂  ̂  "S zaCD OJ Cft CO CO OJ CD
ZJ 3 Zl Zl 5 Zl 3

•- IN ,- O O IN 0o o o o B o 5
LU ILJ ycf LU UJ LU LUSCQ w o o ID >z>S o B B eB S
(N ~- ID f Oi fl rt

«̂  t :̂ *̂  ̂  r̂ ̂

-- CM »- O O fN Oo o o o O o P
+ * . ̂  * + + *UJ UJ UJ LU uJ LU UJ
S 8 8 8 8 S 8
CN TT' «? -- O) V 1̂

•n a)
'0 £--• nt

I % i « 11 = 1 1 i£ Hi p a 3
1 Q 5 I S

e | S fi 1 »
'ra S ti | | | |
m = - o i- i- i~

|
«u
Drz

2.
59
E-
04

?
t

?tf3 IfJ » CM P CO9 o 3 9 o B
UJ LJJ LJJ LU LU m LLJ
>"- rt CO OJ CO 5 fN*- ifi 01 rt to o co
CM ^ fN fM •- ^ Ol

Z Z Z Z Z Z Z

< < < < < < <
S Z Z Z Z Z Z

2* X >. >* >. >, >.
tp -? -o i-i 4p -S •?
CT Ol D) DJ O» D) OJ

OJ 0. * * OJ %) *if E if if E E if

tO i- CN -̂ (N fl v
0 9 9 9 0 9 9
Uj UJ JJJ UJ UJ UJ LU

8888888
V ri *- -- T- tb ri

ft S co IB ft ft to1 •? •? Y Y ••? -v
CT O> O> Q Cair O) Ol

(O <D f̂  IO ^ C*) 10
9 9 9 9 9 9 9LJJ UJ LU LJJ UJ LU LJJ
r~ o re 01 ID IN QQ <D Si n ft o S
.-' fl fN IN •- tO CN

3 3 3 3 3 3 3

*=. ̂  ^. ̂  ̂  "^ ̂1Z« OJ CO C3J C6 CO CO
3 D 3 Zl D 3 Zl

•- IN i~ O O O* CTJ
0 0 9 0 0 0 0

UJ UJ UJ LU UJ UJ LJJSep E O O u? Oo p S S S B
IN •-' <O _ O) fl ri

CO CO CO OJ CD CO PZO

^ fM ^ O O IN 070 o o o o o* /;. + + * *UJ UJ UJ UJ til UJ LJJ803 S o 5 u? oo p B o eo o
CN -̂  ID ^ tn fl rt

3 I^ fl)

1 « 1 • 1s E e g g

E 1 S 1 2 I3 Q s a jc 2•iz c .j, TZ E 13 tjn 5 " ra .!> c jcm £ •- O K i- i-

8•a
fi
o

S
&o

t

UJ

oI

o:
OL

o

Q
T>
Cra
ot
~l

5

o

AR30I8U7



OL
.->
CO <

I- UJ <

£ u z s-~ < UJ Q;»- H t- 3
LU Z _J U-
_i O < vco o 2 QJ

o
I
o_)<o

1 1
m O
1 O

<U .9* e s
«> § .£
il ="- Oo

Oj P

§ ^
OJ OJ

O

in
c 5
EV cu

(Y °

g

1 g

rr

i!-1^3

0 I

2 o
- g

o I 5 |
o- S » ra

*" O

H 0 J2
5 D- c
tr LU 3

| o S
ct uj 5

E
zi U J2•a D- c
* LU D

>B LU >

Ch
em
ic
al

of
 Po

te
nt
ia
l

Co
nc
er
n

1 1
U]

to ip f~ i^ ui n r^9 9 9 0 9 9 0
UJ LLJ LJJ UJ UJ LU UJSip •- «> ai fl ifj

CJl Ol CO fl rt ID
m uj Oi i- » - * — * —

Z Z Z Z Z Z Z

ZZZZZZZ.

OP 0 DJ OJ 0. DJ 0,

CD 03 oi a> 01 oi O)
E £ E E £ E E

CN i- CN — IN fl —
9990909
UJ UJ UJ UJ UJ LLI IU

8 8 8 g S 8 g
t̂  rt T- 7- •- ID fo"

Cft CB DJ Cft Dl OJ OS

UJ LLJ LJJ IU ILJ LJJ IUro eo *— if* cn rt ip*- r̂  cn ID fl o CD
fl ^ cn * ^ ^ co fl

3 3 3 3 3 3 3

Zl Zl Zl Zl Zl Zl 3

•- CN ^ 0 0 (N 0
O O O O O O P

LU LU LU LU LU LLJ LUo eo P o o co oin p P B B eo S
IN •- <° T̂  oi fl ri

OI CJ3 Ch CO cb Cft C&
Zl Zl Zl Zl 3 Zl Zl

•- CM ,- 0 O CM fZIo o o B 5 o B+ * .7 + + * +
LU LU UJ uj UJ UJ LU? S 8 g g S 8

•fi 01
'Q c

1.2 i
33 IE JZ LZ p

ra 5 *M ra m -c -cCD £ — O 1- 1— 1-

01c*c

f>
9
LLJ
r-fl

f
O
t

?ifi uo ̂  " Q un
9 3 99 9 9

LU LJJ L1J LJJ LU LU LU
IN CO 1̂  O CJJ 00 COcn P r^ fl cn ̂  p
CN oi irj fl fl IN rM

Z Z Z Z Z Z Z

< ; * < < < < <
Z Z Z Z Z Z Z

Tf Tf tf Tf Tl Tf Tf
Lzft rjj tze co co Co oj
CO CO p) CO Cfi Op CJJ
6 E if £ E if if

9999999
LLJ LU LLJ LU LU LJJ LJJ
cn o B B o o o
fl f> 7- — r̂  tO rt

oj ™ ra ra ft ra ra
T , T T T . T
CO CX OS CO tZU CO Ct

u? u? >•- in fl CM (09 9 9 9 6 9 0
LU LU LJJ UJ LJJ LU LJJrt r* r- o cn i- flfl i- r-- fl cn to IN
•̂  ID iri fl fl v̂  CO

3 3 3 3 3 3 3

Zl ZJ Zl 3 3 zT Zl

0090800

UJ UJ LJJ LU UJ LJJ UJgoo O o o o o
O 0 o O CO O

CM -̂  ID -̂  cn fl rt

Ott Ol CO izfa Cft OJ cn
Zl Zl Zl Zl Zl ZJ 3

i- P-! ,_ o O fM O?o o o o o B* x + + + +
Ul UJ UJ UJ LLJ UJ UJS S 8 8 g g 8
t*t r* (O T.- oi V rt

PI v
'0 c

I* £ . 1
E i g ? s 1
.3 Q _S g E 2

CD JE «-" O t- t- t-

i1
i
o

s
LUn

Sot

8
UJ
CO

CM

£

O
CC

To
ta
l 
of

ard
 c
al
cu
la
to
r

EP
C 
se
le
ct
ed
 f
or
 ha

i

a
U

a.w
OJ

1

3
u
F
01a.

(1
) 

Sp
ec
if
y 
Me
di
um
-

O
<
o
LU
OL

tno
OL
3<i
EC
UJ
O•z.

i s i " 1 6 g«| 5 * 1 . 1 s s l d i 1
o1_ t ^ z ^ o r i ^ i . ^ r t x - i c u ^ R x - i f l j ^ f t o

O

LJJ
I-o
^
fo

Q

CO

O

flR3QI8l48



g >
h w >•y o to5 a. z
t x z-- S UJ ui
Sh":

t z wz tu to
o ° °
OT ?;uj «

o

T> C
S *a o1 a
s IC S c/pcu ~ .-=

"5 eCC 8
O

tt .1
S |OJ **
CJJ tt

"5 ea 5o

si§ ̂
£ S
tt 0a: a

S
C 01

|S
Lt

Ito c: m
•S ™ =2 0 c
- g
Z

I
cU Cjf ra

ij

•D -E ~s j i iLU ,5 X -5
(n 5 j2

"- ID
O

£ o 2
!& 1

5 S 'a: "J >

I 0 £e a c* ui n

1 o S1 fc 3

Ch
em
ic
al

ot
 Po
te
nl
ia
l

Co
nc
er
n

1 1ll
UJ

<o (p r- m <D ^ *»
9 9 9 9 9 9 9
LU UJ LU LLJ LU UJ LUr~ to fl r̂  to •- r-
T- T- ID O fl Cfl O
rM CM rt ID Ifl fl IO

< 5 ^ g < < <.
Z Z Z Z Z Z Z

< < < < < < <
Z Z Z Z Z Z Z

A) ra CD n ra ra <D
? ? V 7 •"? ~9 ?CB o> Cft ca D c» CB
tdf 01 On & « ci

E E E E E E

rJ -- IN •- tN f) •-•0 9 9 9 0 9 9
LXJ UJ UJ LLJ LJJ UJ UJ
gO Q O 0 O OS B B 5 5 B
f̂  p) *- *- ^ cci rt

A ra ID ff ra & fc
-0 Tf Tf Tf Tf -D Tf
fco a o* CB o» co

Ci OJ * € 01 01
g E E !? i? i? 1*

r̂  r̂  {n 01 co tp CD
9 9 9 9 9 9 9
LJ LU LLI UJ LJJ IU UJ
fM if> fl r̂  ID »f> CN
ifl f) IO O fl O) CO
^ ID rt ID iri IN --

3 3 3 3 3 S 3

*; -c ^ ^ -z **. *=
>ZO OI CD CU Cv CO Cfi
3 Z) 3 Zl Zl Zl 3

•- tN ̂  O O rM Oo o 9 B B o o
UJ UJ UJ LU LU UJ Ul

CN ^ W ^ cn « rt

f 1 1 1 1 1 1

-- IN ̂ 0 0 CM 0
O O O P P O O
* * J: * * + *UJ UJ UJ UJ LLJ UJ LJJ
8=° 2 O O ie Qp P o B fit p
rj ^ co ^ cji fl fO

-ViT a>
S li

E g !£ a> c Ve « S S E
S zl I 1 I
E M P £ 3

E | g € I 1
3 Q X a c JC.1 M. i S 1 10) J? - O 1- h- 1-

gfi
c,

5.
02
E-
04

t

fl in in fl fM Q in
9 9 9 9 9 ? 9
UJ UJ UJ UJ UJ LLJ LUi- fM r- o fl o rto fl cn o » K •*
fM -^ M n rt ̂  i-

1 1 1 1 1 II

s s s s < s s2 z 2 z .2 z z

•"? -° 7 7 7 •? 1co PZB co CB ai en CB

P) T- fM *- CM PI —•
9 9 9 9 9 9 9
UJ LU LU IU UJ LLJ 111SO S C Q O Op P B S B q
V rt — ,- ,- cd f>

ra n ra ra fo ff Si
tf Tf -0 tf Tf Tf Tf

S 3 S * S S 2
Sj CT CD o> os o> &
E E £ E E E £

r*. in -̂  <f) * n to
9 9 9 9 9 9 9
UJ LU LU UJ IU LLJ 111SIO r- O fl rN p(N o» o •» o rt
oi W rt PI rt cn V

3 3 3 3 3 3 S

_̂ «; ̂  ^ zi. •= *tcu rjj Cft co co DJ CB
Zl Zl Zl Zl Zl 11 Zl

"- fM 7- O O CM Oo o 9 o P o p
m UJ ^ LLJ UJ UJ UJ
S S 8 8 8 S 8
(\j ». ID ^ CD q ri

5 y 3 3 x zi zi

•- tN •- O O IN 0o o o o o o o
t + ~T. + •» + +
LJJ LU LLJ LLJ LU LJJ LJJ
Q CO 5 Q O tp OS) a P o 5 35 B
CM ^ ID T- O> fl ri

1 I

i . s 11M1g » P £ 3

E I g fi" I I
1 S S | S S €£ 1 £ o f f P
ga
1
3

1.
54
E+
00

ib

1.
54
E-
HW

To
ta
l 
of
 R
ou
le
s

y 3 r ^ ^ ^ ^ O T w ^ r ^ ^ ^ ^ c o ^ r . * >,
<J ~ ——————————————— —————————————————— —— —————————————————— — e I
UJcea.
_i<
O
rf g2 s
u
UJ

• = « - 5 5 C o o . , 5 o 5 c o B o o . D o t t

5
Q

O j. ,, „ ,, „ „ *, „ *, _

I
o

o
(N

t:
u)
10
O
O

ftR30!8l*9



«0 UJ UJ
*• • >- Q-

(3 — UJ =21- Q «1-
— <t-zO
•*- - i- <uj z _i 2

D UJ tOQ O S
< (L
-1 CJ
<•z.

T3 C
rB •
» SI 0

OJ |

c Li 01

Sc §o
c:

tt o
c E

& su
I -1
^ cn
iS o
CC Q

S

Ii in

1 °o:

1
01 C «

ra o c
"" o

«, f

— co
Z

CD ro ng i l l
•S "ra
O

| 0 fl
| FJJ 5

a uJ >

1 o a
TI CL e
tt UJ ,-j

| „ tt

*

Ch
em
ic
al

of
 Po

te
nt
ia
l

Co
nc
er
n

3 <D11
UJ

ro ip r>- co cp fl to
9 9 9 9 9 9 9
LLJ LLJ LJJ LU UJ UJ UJ
O T- IO (N P.) h- IN
V •+ C*> O> lf> •-; O>
i- i— i-N rt rt n o

1 I z z z 2 2

z z z z 2 z z

XI T3 13 Tp Tp Tp Tp
Ol CU C» Dl CO OJ CO

f if 1 if I 1° if

9 9 9 9 9 9 9
LU LU LU LU UJ UJ LJJ
8 8 8 8 8 8 8
t̂  .n *- *- •- to ri

n to* n fif ft fi o
CD o> o» oi o> w ta

t if e E E I" if

op f- cn IT, co cp roo 9 9 <±j 9 o 9
LU UJ LU UJ LLJ LU UJ
O) f) ifl fM f) O CO>> CM f) cn ifi cn *-
OJ fl fM fi rt T̂  7-̂

S S S S S S S

<B> ri cb oj Oi OJ OJ
Zl Zl ZI Zl 3 3 3

•- CN .- O O IN 0o o o o O O O
LU UJ LLJ LJJ UJ UJ UJSco Q o o cp g

O O S O ct) O
IN -̂  *o ^ cn fl ri

3 3 Z? Zl ZJ 33

«- CM r- O O CM O
0 0 9 0 0 0 0

UJ UJ UJ UJ UJ LU UJ
S g § S 8 £ 8
CM T- <D .- cn fl ri

"a1 01

S rai « .s i
E | g -5 1 1zl O .3 (6 .C j=
'ra g <H « 1 1 1
CD J= ^ O I- r- r-

|

3.
24
E-
04

t

?lfl Ifl fl CN P tfJ
9 9 9 9 ? 9

LU UJ LJJ LJJ LJJ uj LLJ
« ro fl r*> co o flri rM fl in oi fJj fM
^ -- rt fM CN ̂  T-

Z Z Z Z Z Z Z

Z Z Z Z Z Z Z

>.>.>.>.>. 2? >•ru ra ID ID ra ra CD
tl X3 T3 TJ Tp Tp TJ

| 1 o. o, o. 01 o,

fl r- CN T- C-I m i-9 9 9 9 9 9 0
LU UJ UJ UJ UJ UJ LLI
S 8 8 8 8 S 8
••r p.) T— i- v~ ID .ri

>,>,>,>,>,>-,>,
CD R) TO (D flj CD m
tf Tf •Vf tf tf tf tf

at CB o> CT OJ ra CD
f.1, D, OJ 0. 0. 01

£ E if I" I" E

r- ip î  in fl fi cn9 9 9 9 9 9 9
UJ Ul LJJ UJ LJJ UJ UJ
CM Cp fl fO CO •- tNin co fl co cn co r̂
co i ri fi c-j IN i-- fi

3 3 E S 3 5 3

OJ OJ OJ Oi OJ DJ DJ
Zl Zl Zl 3 3 3 Zl

i- CM r- Q O IN 0
O O 9 O P O P
LU LU Ul LU UJ UJ LU
SCO C O O ID Qo P £5 O eo o
fM -̂  <0 ' »-' DJ fl ri

OJ DJ CLB Cb CO DJ DJ
D 3 Zl 3 3 3 3

•- fN ,- O Q CN CO
0 0 9 0 0 0 0

LJJJ UJ UJ UJ UJ UJ UJSep 9 o Q <e Qo P o o ro o
CM *- *o *- cn fl rt

«" OJ
S n

E 1 g i I 1
3 Q rt TO jC JC•e c * TT j,b o o
flj ft IN. tO fl) JC 'C

1
1
ra

O

8
LU

S
O
t

S
LJJ
CO
CO

Ro
ut
es

"5
"5i-

D • E
O

UJ

O

S <
3 o1-o to
m QL
flj _̂

5 o1
3 5

o
3 JE

t

O

flR30!850



UJ

o

ss
OJ
Oz
IT
.3
Q
S"
aw
w,
f£
UJ

I
UJo

S*xz
~ UJ KJ LU"̂  Q >. Q.
o «a O ij
(3 O uj j=
3 - °
** i- uJ ir
**" O •*" <
LJJ < _J LL 1

O t- _i P
O Z CO I
i- "J CO
* °2uj o;a o
co
UJ

o
sro

S

1 1H O
T O

ai .2
I 1 e
Lt g
O

li
i fo
S |
SC D

D
S Sce Q

S

J!
I^ s aJS O c

- E P

1
01 C•n roa o
_c >

* ̂  » |»- ra
U

| o a
g CL e
f? LU ̂

IK!
a o 2
SO. 'E

LU D

I 0 |

5 -^

Ch
em
ic
al

of
 Po

te
nt
ia
l

Co
nc
er
n

1 tt
"» ZJll
UJ

8 It? 9 9 S 9 9
LLJ UJ LU LLJ UJ UJ LLJSin •- m 01 fl m

Ol |71 ID fl rt Id
*f> If) O> *- T- -- ^

z z z z z .it .v?

< < < : < < < <
Z Z Z Z Z Z Z

>. X 2- > - > . > - > .ro ra n re n ID Q
•? •? V 7 Y •? 7
Oi O CV Ol O) O> O>

Cft & OJ" OJ & OS Ql

(N »- 04 *- CN r> »-
9999999
LU LJJ III LJJ LU LLJ UJ
O Q O O O O O

r̂  ri ^ *- W cc> <*i

ft co CD ft n CD ..B
C3 CD es 01 CD CD c*
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3 33

CN O *N? ? ?
UJ UJ UJ
i- 01 Ip
PI PI O

- I E
! 1 1'

3o—

i
1p

k

fe . _ n M ., „ „ rr K

I I S I |" " " " ^
i? s g ?

. . . . „ „ - . . . . - . O
rl

-̂11 S

o
-L-
0)
Q.

CO

o

AR30I853



LU

O
d
IO

Q
in
O
2-— *
r-
LJJ

m
i-

X

LI
H
X
O

CJ

_l
d
zo
p
LU
OL
O
LUo:
u.
O
Zg
CO
LUoz
t-
Zs 1
UJ UJ rf

O ri H

i£z-.r x z
Z m LU
LU Q.

ifi $£ uf
UJ Z K

Q LU E
• "̂" «rf
g _l LJ.

(till
— ' H —1< z co
Z LU t/1
OUo
H Ct
< 0
UJ
QL
CJ
UJ
Ct

V)a
QLs
X
ct
UJoz
o
zoz
LLo
zp
5
u
^
o

h-

01
OJ

c:
01

OP
o
T>

I
"5
<

et
c:g
ra

u
Lt

oi"

§
tf)
•oc
05

i/>

1
IO

5
Cfl

g
tfl

cn

1cn

1

1
01tt

c:
01
E
CJ

OJ

JZ

LL

DJ
Zl

CJ
^
C
O
75o
ttcc
tt
If)
1
U_

0?

o
CJ

f
tt 1
2 o> oi
3 zl CU

S -
C K I"tt L_ 5

F ^ 5

1 5 1 E
E :5 " 5
(-T « 5 CL

ro zi in in

OJ 5 LU LU

roco
Sa
01cc
co

1-
O-
6
a.
o
ce

r-
r-
tt
OJ

Htt
tt
o

§
JOo3
tt
ct
01

<
o
Q.tto
a

s
ro

S
tt
£"5rr

«
c
£
CtL

Sctt
£ttcc

da>

0̂1
IX

o>
ra
£

J£
ID
E

0,
LU

01

occ

£
acc

E
S~

E2

S

Ch
em
ic
a

b
2a
LU

ttj;
O
Zl
O

fz
O

U
So
cg
S
§c
Oo

c
3
tt
O
Q

o
O

8
ra .-a
J- 5
o

I
O
coz

T? — '

OJ 5 in
"5 "3
"1 £ -̂

"" O

o- 1
LU _5

U "*

LU 5

O 2
fl. c
LU n

u J
LU •;,

IS

l l
..I Oo

tt
zi
Oct

Pl (N PI CN
9 9 99
UJ UJ LU LU77 r*. t£ u>
T- in O CN

ZZZ

< < <
zzz,

£ £ «•;
Ol Ol Ol

E E E'

8fl (N
-f 9 9
UJ UJ UJ
8H So o
-̂ PI r-

n n ra
CT CT CT

al OJ OJe E E

P) CO fl

999
UJ UJ UJ
fl CN fl-- r̂  fl

OL CC CC

III
±1 D D

Si- CNa o+ + T
LU UJ UJr*i OD coO r-- fl
PI IN eo

Oi Ol OJ
ZI Zl Z3

o S O
UJ LU UJ
^ Ol cp

E ;
1 5 | f
•i s «B ,23 < CQ t.

s
tfitt

CN
9
UJcn
(N

ol
 R
ou
te
s!

2oI-

UJ

O

"5o>-

QL
to
ir
8cra
O
o•z.
Ol

§
O

D-
I

RR30185U



X
CO
U.

X
D
•̂

U

_J

z
O
i-̂
LU
Lt
CJ
LU
tt
LL.
O
Z
Q. <
CO LU ..<
LU Ct >

Q7O ̂  -J}" z tn >

•R
AG
sD
7.
51
.C
l

'O
NA
L 
AD
UL
T 
1

ND
EN
CY
 E
XP
O

M 
SI
TE
, 
PE
NN
S

rTH £ **•
UJ LLJ _l LL.
-1 QL < •>.m o Q? £
< UJ 1- ji- OL. z Tn

' W «to 0 Oo tta: o
j5
<
x
OL
LU
O
Z
O
zoz
LLo
zo
1-
3
3u-J
o

TJ

co
sb
cc
Si

CO
TJ
Cra
co"

h-

i
CO
IE

00
ai

W

g
to

00

Td
.o
me
n 
Cr
ee
k 
(S
W1

tt

«

JC

3ra
U
i1
roc:p
TO

ttrr
£
in
E
n
U-

o
O

if
£ I
E cj uj TO
3 3 OJ £

tf! c .Q

- LI ia "S
jj '̂  -c OJ
i ca *-- 5
=? •- E C r?3 ^j •= S Q:

! 8 1 ° I
: ̂  S -5 g-
|Z 05 2 Q- Q.
o d S S 5
i a; ;| o O &

J 3 LLJ UJ tt

3
T3

g,
^

2

5rr

*2 Hnj .jj

^ 0

s 1
§ c -
tt tt -̂

a ou

» i
l!
<0 g
cj ;....cc gu
S |§ 5« »
-£ §a D

S
s STorr

OJ C «
ra r_j ^
— c -^o

t
0) C

3 U
— co
Z

O -T N ^
Q. S -5 W

(fl 5 J§*- rao

S U S
5 tv c
rr LU D

!2ia uj >

= O 2
•n Q. c$ UJ 3

1^

ll i§j t-5 C
JZ D. °

O

tt
3 01

II
UJ

PI rM n INa o o c
LLJ LJJ Ul UJ
CN IN n COn o fi *
f) r̂  ~̂  ~-

5 S- S-zzz

3. < <
zzz

a fr fr•o -o 13

OJ 0. Ci.

Q -J CM;

LU UJ LJJ
888
^ ro r-

>,>.>.
TJ TJ TJ
cjj IZB a '
« •« «,

ro cp ,.0o 5 o
LU LJJ LJJ
IN M enr> o CN
H P)oi

o; or o:

CLB OJ OJ

DI a Si
ZI ZI Zl

3 — P7J
O 0

LU LLJ LU
f*l CO Opo r-- •*
m IN cb

Zl Zl Zl '

IN O CN ,
O S 0
* + -t
UJ LLJ UJ
7- Ol tO
PI PI O

|

s i I f= § ra °< < m t

|
ttac

(N
9
UJ

?

Ro
ut
es
!

•5
5o
K

UJ

55,

g oa c
S -y

cn

O

RR30I855



UJ
1-u
oitn

Q
(rt
U

UJ

m
1-

.T
CO
u.
t-
Xo
D
^

O
_l
^
zg
a
QL
O
UJ
tK
u.
O

O
r-co
UJoz
\-z
UJo
CO
IU
QL

_J
I
O

COa
QL

z
Lt
UJoz
tto
oz
U.
O
Z
O
t-
ĵ
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V
r- C *3 »—E c « _ E
2 u -i £ E -^.E 'i= E S. 2 -5 •=c £ 5 ™ = ft raI i 1 i 1 II I

TS
n
JZc

is
3
3
•c
.5
H
1
K
oa
UJ

S
£
3L
0)

1) 
or
 R
ou
le
-

2

m
|
Po

in

o
utu
OL
J

S
°,

CO
CO

•ffi
CO

AR30I866



Ow
UJo<u_
OL.
D
CO
I

O<

UJ
O
CO
UJ

• — • f~ CO -_J
UJ Z o >-
S UJ [̂  CO
ce " x z

Q Q 5 UJ

^ DJ £ CO

"- LJJ Lt
—' --J <
< CQ LL

00
UJ

If)
< P O -J

CO CO_ < «
CC LU Oo Q: cc
LLJ O

<uD

8 -*c .2
3 a

$. s
o c
CO 3
S*~ fe
c BS £o "-

cio ,_in o
<v to
S LJ.
to
CJ

£ I &
I ™ -5y.

5 f
f «o

.8 £
tj Jf IZ£ tn o

* ! 1o £ 3
CL eo
LU O

| cj Sl a s

| & 5

1 y £-p a. c
* UJ 3

1 ti »
I a 1

Ch
em
ic
al

of
 Po

te
nt
ia
l

Co
nc
er
n

Ex
po
su
re

Ro
ut
e

to too o
i LLJ , i , | | LLJ
1 CN ' ' ' ' ' fN
* *r-- r-̂

>•>.>. > , > - > - > -03 to to CO ro ro ro
? -9 "9 "? ? ? V
Dl D> Dl Dl Dl Dl Dl

O
O

I IJJ ! ! i i :
m

>.>.>. j>. >.:«.>.
fO fO fO fO (0 TO TO
? ? 7 7 7 ? ?
Ol O) Dl CT CT CT OJ

?ao r— *t to to h*.
9 9 9 9 9 ?

UJ LLJ UJ LU UJ LLJ LLJCM m ir to in to toco cn in t~- CN o •*
i- •* tN (M <O T- V

S S S S S S S

Dl Dl Dl Dl Dl Dl Dl

So t- g- tN o »-o o o o o o
LU UJ UJ LJJ UJ UJ UJ
t» O> to tN O i- IOto v to CD fN ̂  eo
CM to to to to *- iri

Ol Dl Dl Dl Dl Dl Dl

So T- g- CN o i-o o o o o o
UJ Uj Uj Uj Uj Uj Uj
cn at to IN o i- m
tO •<»• fO to fN TT to
tN CD to to to «- uS

E § 1 ,- E3 <, 2 c E =>SEE S, = =5 =•§ M « = f ^ s sI I S S i p E S ^

In
ge
st
io
n

to too o
i Ly i i i i i ^
o o
CN CM

>.>.>.>•>.>•>.ro ro ro (p ni ro to
7 ? ? f 7 "7 ?
Ol Ol Dl pi Dl Dl Dl

O
O

: i : : : i i
m

>.>.>.>•>.>.>.ro ro ro nj n* ro ro
? 7 7 7 ? 7 7cj» 01 0.1 o* g> p* p>

m oo oo m r^ o oo
9 9 9 9 9 V 9
UJ UJ UJ UJ LU UJ UJS* m to co cn t-~ro •- co tN o >v
>- "- tN fN in t» to

.,,,>.,£££.,,,•.,£.,£

O) O) Dl D) Dl Dl Dl

SO "- »* fN O i-
O O O O O CD

UJ Ul UJ UJ LU UJ LUct o> eo CN O •- ifi
to V fO (D fN -W CO
fN (6 eo to to i- in

tjl> Ol Ol O> D> O> Dl

-̂ O T- •* fN O i-
O O O O O O O

UJ LU LU LJJ UJ UJ UJffj o> to CN o >- in
eo TT fi IO CN r̂ CO
fN to to to' co T- in

E | t c £
.20-5 £ E .2
E = E S, = •<= ~
1 I I | f 1 I 1< < O J = 5 P > t .

"5

eoo
LJJ
eo
••»•
cn

of
 R
ou
te
s

?

o
0>CC

-4
ir

(0
O
(B
O
O)_c
co1
tt)
CO

AR30I867



— J
O
CO
UJ
O
U-
OL

X
L̂

5
r-o
zoo
r-
Z
LJJ
O
CO
LU

0 ^
LJ f-f ^
<( i£ 5
£— 7nuT z S ̂

S LU n iv!
OL, O x z
r- *fl 5 Z
*~ j 5 "J
Q O 5 UJ
w "f X —

2 JE^
~°- LU CC
co ̂  _i <
uj z 5 u-
m O Z -ii
< 1- O -i<- <c co co

UJ < CO
or ul oO tc D;
UJ O
.
If)oQ;
Jq
X
K.
LLJ
O
<o
u.
O
Zo1
§<
CJ

Zl

T3

n

5
E<u
i
J
3"
io
T3
Ceo
cricn
CM"o
COmto
CM"oi-.min
fN

Smin
CM"
min
fN~

m
CO
CM"
Rfflm
o
CM
CQ
(O
tv"
O
fflw
5w
41

1
co
v
ijO
E
CO
U-
>.
Stm
£o
c
s;
iien
Q.

'S
o
'5

u
S

I 1i s S
| 3 "5

= II0 _ S «

ari
o 
Ti
me
fr
am
e:

urn
: 
Su
rf
ac
e 
So
i

su
re
 M
ed
iu
m:
 P

su
re

 P
oi
nt
: 

In
ha

5. I 8. *3 jv x xw 5 LU uJ

P
i>-
V§
c

£
— O

ec
re
at
io
na

te
sc
en
t/
Ad

* %

pto
r P

op
ul
al
io
n:

pt
or
 Ag

e:
 P
re
-A

V Vy 52 scc cc

•§ -s
fi K

S. j2
v2 izm =>
S o
c C
« L?

S.o
•- tl
« 0)I "-
o

1 S s2 c cpJF *o *i
- 0 ̂

5 f

CO ^ 5
o £ J3
O. ro

41 in•5 o £5 D- crr LU i-j

^ fc «
If *̂

3 O JS
TJ Q. c£ LU Z)

1 0 §

s m >

•s ^ i-Ic o c
O •g O

3 «

I1

'

n

Vcn

fc

«?9
O
~̂

"2

?
UJ
ro
CM

cn

1

1
UJcnto
tM

,
5

Ak
im
in

is
10
JZc

uj

(0

Q
if
UJ

Vcn

b

(M

Jl
CM

2

cn

?
S
V^

<P

f

8
S
IU

J

I

0

LJJ
ro
CM

{m
g/
kg
-d
ay

~X
jj:
UJ

V
Dl

cz

^

*~

5

cn

§
LU

to

cn

1

¥
LU
R

F
P

o

i

{m
g/
kg
-d
ay

V
I
fc

<?9
ID
T~

=

r?

1
UJ

o

f

?
UJ
fM
(D
to

|

t

(m
g/
kg
-d
ay

b
o

5

«r
CM

?
UJ

to

cn
ft

(M

?
UJ
OrM
CO

K
?ncncm

1

(m
g/
kg
-d
ay

|

t

ro

•W
1C

£

1

$
LU
•*
*~

cn

g
LU

*~

t-
.2
ro
1-

'

(m
g/
Xg
-d
ay

Vcn

b

,-

IO
rM

¥
LU
CO
in

cn

1

?
UJm
CO
m

F
•S
rS

CD

LUr-
u>

I
t

8
(D
O
JH
C

co1
CO

CO

AR30I868



O
CO
LU
O<
LJ,o;
-D
CO
X

O

o

c 2
to rf
CJ "

£
0 izcn -D

i 1to *0 "-

o

to
U

£ I gep c cz

<1> 01
"to
- u

i s
o £ 8
Q- eoUJ [j

S Q- c
tc UJ --I

1SI
§ cj £
V LL C
* LU 3

E ,, «

Ch
em
ic
al

of
 Po

te
nt
ia
l

Co
nc
er
n

Ex
po
su
re

Ro
ut
e

to to
9 9

i S > ' > ' ' Kup cp
m iri

O) Ol Ol O> Ol Ol Ol

oo
! g ! ! 1 1 1
m

eo to to to eo eo eo
o> o> o> o> o> o> ot

9* 9 9 ? $ 9 9ill LU lit in LLJ UJ ill
C» CO ^ »F- t^ »i— O

r- rt i— CN -̂ QO rt

£ £ £ £ £ : • > £

cn cn cn cn o> o> o>

3 S o o o o 5
UJ LU LU UJ LU LU UJ
Ol O> fO fN O "- If)rt r̂ rt eo fN »r to
fN eo to to cb ^ in'

pi pi pi cn 01 o> o>

SO «- Tf CM O T-o o o o o o
LLJ UJ UJ LJJ LJJ LU UJeft tn rt tN O •- mto •* to to fN •» to
CM to eo pi oo •- in

3<6j|.Si----...>t,

In
ge
st
io
n

•3) C4
9 9

! LJJ | | | | | UJ
U> ID
tD tO

fO 0 ro n nn nt ro
Ol PI PI PI PI PI Ol

oo
; w i i : i i

in

ft n ro n ro ro ro
PI PI PI Ol Ol Ol Ol

tp cn cn to r^ o cot^ t^ o <5 o T^- CD
UJ UJ LJJ LJJ UJ UJ UJ01 IN en o LO o LT)
if) ^ N. h- »- co »-

E S .S S ..,,,• S £

p> O> P) P) Pi P) oi

SO i- 3 CN Q *-
O O O o O O

LLJ LU LU LU LLJ HI UJco co to CM o ^ in
CO ^ CO tO CV ^- to
CM to to ro eb -̂  in

O> OJ Ol Ol Ol PI PI

SO i- -f CN O i-o o o o o o
LLJ LLJ LU LU LU LU LJJcu ej) to CN o ^ inco -̂ eo co CM ^ eo
CM cc ̂ ro ro tb *-: in

1*1 Jiii

'

6.
33
E-
08
 
|

of
 R
ou
te
s

1

w

T3

0)Q
o>_c
co1
0)

CO

(0

o
o

AR30I869



LJJ
Scr:
CO

CO
O
in
O
|
CO
LJJ
_lm
£

_i
O
CO
LU
O
<
LL
OL
--.)
CO
I
r-
5
r-os

. A
DU
LT

 C
ON

— i
<z
O
1 —

ZA
RD
S-
 R
EC
RE
A"

<i
CtL
LJJ
O
Z<u
u_
O
Zg
§
ID
O_l
<
O

XP
OS
UR
E

LJJ
S
ID
5

EA
SO
NA
BL
E 
MA
XI

OL

NS
YL
VA
NI
A

z
LLIrj_
nT

OS
SL
EY

 F
AR
M 
SI
T

OL
O

e±i

£
b
O

Ifi =
P wII« "SS *w 5

Zl
K
T3
C
D

5
E
£
5
f
o
tn
T3
Cra
oitn
tM"
O
COmin
CM"of-cntn
CN~

Sco
U)
fN
8min
fNo
2in
C-i

Smeft

(S
B1
02
, 
S8
20
2.

 .

5tn
8
5

in 
Cr
os
sl
ey
 F
ar
m 

Si
te
 S
u

>.
Ii
0.

'S
o
6

0)
IB
2

£ 1ijg o
S §
S Ro, ra
E ^

S*S 0-
s s5 s
1 &ul LL!

ID

«
g
Q-

.si
D
CL
O
O-

fc
S.
8Vrr

z>
TJ
<

tt

Ztsft
Lt

in

8tz

«
O

t)
ro

jf
1

.£

1
o
CL

^

«

Ct

E
.3

E

E

?

1

6

c
iS
LU

CC

b
fl
LJ.

o
T!to

15 s

_
cflj

r̂

s |
5 3
o

Q. c
UJ Z>

0 S
Q. •=
LU ^

o a
D- c
UJ D

o §

of
 Pc

jte
nti

al
Co
nc
er
n

t>

i "J

ra n
cn cn

E £
-̂ ~w-

9
i w

n n
cn CD
CJ, -J,

¥ C M
7

UJ UJ
CM tD
tO tM
fO fM

2 5

M

??yj uitn cnco ir
tM 1C

Ol O

?!
UJ UJo> onrt ^

P £E «
— §

.S
t

r-

m

t
~~

V
UJo

S
tf
„
UJ
ID

*~

5

c?

?
UJtort
rt

cn

t

¥
UJrtto
fi

E

JJZ
O

1

to

t
•̂

I

toI
E"
CO
9
UJto
fN

*~

5

1?

?
tN
tD
P)

I

§
LU
tM
CO

|

1

to
"Vcn

b
— .

1

n

£

o
LUin
CO

S

ft
CM

?

K
fN
to

cni

?
UJo
fN
CO

s«l
cffl

1

tt
qi

t
-~.

1

ID

cn

if

eo
UJ
cn
v

5

*

?
UJ
«
*~

cn
CB

f
UJ
5
*~

F
To

1 s

ff

t
'-~

1

I
$
,-

g

£

,,,.?.r
¥
UJm
CO
Lft

cn

t

¥
LU
Ift
CO
Lft

E
to

H

2
5

8

js
IB

o
UJ

ute
- S
pe
ci
fi
c 
(R
;

CL
&
3

E

?a

in

CD
CC

tr

<J

COa'
CO

HR30I870



8 *c .23 K

& «o I
tO .D

| 1
ro *o "-

fi
O
W p

8 ™i "-rao

to c c
c w ..5y.

V m
J£ O

f S
0

3 £
p j: cft) in o

* 1 1o s 3
Q. to
UJ o

I o S
1 Si S

£ o S
1 Si 5

§ 0 £Tp Q. c
5 Ul l-j

1 c, «

i a I

Ch
em
ic
al

of
 Po

te
nt
ia
l

Co
nc
er
n

Dc
po
su
re

Ro
ut
e

S S1 w 1 1 t t t U
it, co
cn cn'

•??? 7 •?•?•?01 01 cn CB en O) O)
DJ CT OJ OJ OJ CT O>

oo
I U 1 1 1 1 1

IO

ro to to to flj to flj
Cn cn cn cn cn cn cj>

tN tp in tN 3 to ino 5 o o ci 5 o
UJ LU UJ UJ UJ UJ LUr- rt o co tN O cn
CN to rt rt to i- in

S S S S S S S

O) cn 01 cn 01 cn cn

SO i- W CM O «-o o o o o o
LU LU LU LU LU UJ UJtn co n cj p i- unrt v rt to CN w oo
tM id ro co to <- f)

o> o> o> o> co cn cn

SO «- 3 IN O >-o o o o o o
UJ LJJ m UJ LU LJJ LJJ01 cn rt tN o •- inrt ^ rt ID fN -̂ co
CN (D rt eo eo >- in

1 i 1 E §
.£ 'F E 5. =* *2 »e i B c - ? i i *a e Z S a S a S< < O J = . E F > C . . .

In
ge
st
io
n
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î
c
u

-5
i
Ul
•u
C

Chin
w
D
CL

CO
<fl

z]

£
COin
c

CLai
Tl

S
CDin

1
IN.-
OJ
01

S
IS)

m
CO

3
CO

m
CO

min
m
CO,
-̂
U)
S
1-

to
1u_
>
j|

io

51"

1
a

5 ^ 1 1J in i g
"- 1 3 ̂

| 3 E 5 |
I 1 3 a £
| E 1 1 |

Jl 5 Ul UJ IE

i
o
«
<
I
ce

8 -
u a

if) D

tf) B

o

S I 33 £ c
£ u D

9 S

C ,*?

uj o

I K *
IE UJ ̂

1
'S CL C
S UJ Zl

E „
So- 16u 5

CM
mi
ea
!

of
 Po

te
nt
ia
l

Co
nc
er
n

11

1 UJ | | | ! J U J U J . J J L I J L U L U L . J U J

lillijiilllitl
g ,- Q ,- rv « Q ,-S cz> S p 9 9 5 p

1 Ul ] l | | , LLI UJ LU UJ LJJ Li) LLI ;

ttiiiitiilttfi
IIiiHiiyiiii
3 3 3 3 3 3 Z 3 Z S S S 2 2

ftttifflllllll

5 Q ' - * f S | Q * - f % J ™ < ^ f ^ W . . N ( No o o o o o o o o o o o o

t E E £ £ £ f c ^ 3 ? D . 3 3 3

o o p o o o o o o o o o p p
u^u j . . j U p j U U J u J u j p , j J i . u . a i i i j j L U U J . . j U

DO ? E

t

1̂  iS-

UHUIHUIU
8
*

I g t i i i E i i i : i i i

liiiifiiiiiifi
ilililiiyiyi
....""..""
iiiiiiiiiittit
3 8 S 3 8 8 S S 8 S 3 S 8 3
U J I J J U J U J U J L U L J J L J J L U U J U J U J L U U J

' - « « « . " • - > - « « ————— -«

E E E E E e f f f l t t f f

3 S 5 3 S 8 5 S 3 3 S S S S

? « s J £ ? s s s = : 5 ; s

ff * C *•

1 a j h|!tlf||?

'

04
E-
05

of 
Ro
ul
es

O
«tucr
«'_ jt

5 M

3 ^

o1
Cfl

Cfl

AR30I888



^otf)*
r-
O
r-

X1—
,_y

Ss
D8
.3
2.
RM
E)

LD
 R
ES
ID
EN
T 
CO
NT
,

KI
MU

M 
EX
PO
SU
RE

ITE
, 
PE
NN
SY
LV
AN
IA

S5s =
— • LJ OL
03 tS} ~l <
LJ Q CO LL.
_ j fy1 5^ S-

S§oyi- < if> tf)
I < C/>
^ LJ O

o oz<o
LL.
O
zg
|
o
o

I
il
8

|

i
£•t
o"
tn

I
OD

Zl
E

I

e
w
c
,,
£
<ZL
CD

S

CD
Ifl

\

COtf)
8
CDtn
a
CO
ro"mtf)
fNmin

I
Ss1-
2
cS
I
s-
lAs<§
.6

S1
A

as
1
S

S Q. 1

I jji
! 1 § : 1
i 5 3 a. S

i § ! ! 1
o a uj 5 a

„

I

i
i
1
rf

- tc

H
i
* S
fi ""
o

J fl
4s
if

'̂iii
LU O

f2 UJ Z)

1^3

1
B UJ Ta

!1 S ?

-
S S c
5 n Q

fe
K

9 9
to r̂

>• >• >• £• & >• g

o o

f ffffff

fffllll

9 r ? 5 9 v 9
UJ UJ UJ Ul UJ LJJ 111

Hi eJ q3 IK V rt »—
rt CB <D r- *- o* ^

3 a 3 s a 3 s

tftfffi
3853885
LLJ Ul UJ Uj LJJ UJ UJ
t M O ^ N OP i-D CI i- tfl .N- O fN
- •» n n (D ̂  «

Itttflt

3 8 5 S S S 5
LU UJ UJ UJ UJ UJ UJS 2J o « F SB —BO r^ *— in »>- o fN
*~ *ff ro ro ID *- if>

f ff * C

£ * c fi 5 ifi

1 1 g | Iff 1

1

v 9

||| If f i

8T
f f f f f f fIff tiff
ci* e* IN XN tv w oj
UJ UJ LJJ UJ UJ Ul ul)«^r i^. ^ to ̂  fsj

hw (jjj *- co cj *̂ -
I..O m ^ tfi u> *f f

2 3 3 ff 3 3 3

cn cn D} Cb cn CB en
3* 51 & ? S* 21

« <N r* Q c^ « CS

LU UJ UJ UJ UJ LJJ LJJ

m CD <~ *r in go C4
f>4 IN CN « CJ *- f-t

31 S1 §* v* & .& v*

8 8 S S 8 S S
Ul UJ LJJ UJ Ujl UJ QJ
*- Cft O) T̂  *- f̂  *-
tfl CD i- ^ tf> Oi PJ
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î

ro ro
T 1
Ol Ol1 ̂
o r-.
T 9
UJ UJ
1̂  Ol

S 3

CT Ol

5 3
UJ UJ° s
ro co

tt

5 3
UJ LJJ

-- S
rt rt

.=
c
5
•c 5O J=

1 1

/(
mg
/k
g-
da
y

flr
ngf

lig
-da

y

•S. I

H
3 ?
UJ UJ

S 3
*~ rt

3 3

01 0)

i§i i§i

fc "

S S
UJ UJr̂  co
r- B
to *-

CT CT

CN Qo S
UJ IU
fc S
ID •-

t =

s £

i

f
CT

I

£

?
LLJ

"

i

C,

7>

"

O

LLJ

Ul

CT

O

IU

Ifl

E

S

1

/(
mc
yk
g-
da
y

3>

1

?
UJ

8
'̂

a

*

'
rvo
IU
U)
CN

Ol

1

IN
O

IU

fN

TA
e

N

S

LLJ

1

8

n

•9

r?

fN

IU

'"

i

*

*

O

UJ
CD
CD
rN

Ol1
IN
O

UJcn
Kl
[N

fe
a
N̂

&

1

f
CB

I

ff

fN

UJ
10

2

*

'

CN
O

LU
O>

CN

Ol

1

IN
O

ffi

fN

fi
Jj

1

/(
mc
j/
Kg
-d
ay

i
i*
fN

UJ
CO

>

•t

3
o
UJ

C-I

cn1
o
UJ

IN

,£

m

E.
X

CTJ

1

*

^

,?

CN

LU

'*-

2

*

o
UJ

IN

a

1

o
UJ

rN

f*v
>l

o

i

1
O)

sf?
CN

UJs
Ul

1

'

O

UJ

*~

a

1

IN
O

UJ

*~

I
f>
±s

S,£-
a
•y
g>

fi

1 ^
r̂

Ol

en

i1
fN

LLJ

CN

s

(lii
'
o
UJ

C-i

1
CN
O

IU

CN

£e
o,
•D
9
CO
CN

pj ̂ ^
| 5
I t

OL

I 8
fc C5 coI «,
°? «.1 «'
pS to

AR30I892



_J
o
CO
_i

O
r-
ri-
<;
r-
O

I <^ LLl 5

— " w ̂
^ z o >-E UJ CL tOn: a x z
to S UJ Z
« UJ 5 LJJ
oo tr 2; 0-
a 1— 2 Uj"
« ̂  S t

i < S 2
— , Ul OL
05 m m 2:

cc o: a:
z
o
LL
O
zg

io
o

cs
E

S
5n
1i
o
U)
I
OlIf)

a
iftn
JC

cf

£
mw
.c:

f
S
IB

Stn
c
IB

m
cn
$

EDcn
3in
m<n
2"
in
mcn.
8

1t-

i
LL

01
31
.2
O
S_
D9

1
S
n
2

1

5

i
0 ^731 e 5 a

LL 0> J5 ^

1 1 1 ; i 1

I l l l i f
tfi 81 1

Q J£

W rr.
O

S- *S ffin z>
fc &
i S
U "-

ij
Q LL

o

~̂'

i3 c 'E
- y. D

s s
- 5
j ^
S 3 g
S ? 1y £ i3
ui rj

1 ci 'Ecc ui D

a o 5
rr w >

1 y a
TJ O- C
* UJ O

§ y S1 £ 3

jl 1
*

s
I ^ i r ! I lcj i

IN

•f -f 1" f 3 3 4iliiiiilllilll
g

1 LJJ 1 1 1 1 1
»-
IO

-if T) Tf T) Tf T) Tf

I 1" 1* E E E 1

§000000
•7 T T T T -7

U LJJ LLJ LLJ UJ UJ LU
N ^ O « •- 1^- <D
B 01 10 v tf) en (p

3 3 2 3 a 3 3

If f f f f f

(N CN fN IN ^ CN fNo o o o o o o
J LU LJJ LLJ UJ LJJ LJJ
T tff i- ^ »O CB CM

S* 3* 5* ft 5* 31 y*

-1 8 8 8 8 8 8
LJJ IJJ UJ LU LU UJ LU
tf> <D *- ̂  « ^ CM
CM CM tN CM « ^- fM

!?
|

j,|| ll

i S .E. 5=. « a -
i « v3 ^ C S 11

j N N N £, A Xi i i i <§ Q E

9
Ll

CM

|

t

!
4-c
5
¥
B$
LV1
LLJ

CC

I

^

§
CC
is
^

o1
CO

tf)

O

AR30I893



*!
ro

£
•oita3

ro
ro
m
o
fO

1

m
S

1

£

O)

m
ro

4

&

i

f

•o
CL
U

bi
m l

.j

4
R5

id-4m
o

IB

IO
•-4m
o

1

£

Ol

Km
ro

4
o.

f

!

o

M
Ul

m
o
»J

1
IO

M
Ul

m
S

1
£

8m
ro

4

fr

f

•ZL

3

i

A A5 S
S S
3 D

i s

ro ro
fc -•
m m
s s

IIto 10

fO fO
fc -•>
-* IDm m
o o

it

£ £

cn 01
to cnm m
ro ro

14
fr fr

1 $
||

i i

s.
ii

ro
b>
S
S

1
IO

ro
cn
IDm
o
»J

1,u

m
-

4
(Q

&

(J
-_

m
8

;a

IO

_.
m

I
i
$•il

Kl
in
m

S

1
IO

ro

m
oro

i

£

m
ro

4
<o
fr

f

J

1

u
m
o

*

ro
m
o

t
10

£

&m
fa*

4
to
ci
5

f

IZL
B>

1

Thallium

gm
8

CO*

im
8

4
id

£

u
£m
—

4
ofr

f
•3

l

t

- f
£ 5u
£
S

a> w
~̂  S?
m m
S £

B Bzi

cn cj3 ym m
s e

14

£ £

_. u
SIO

Olm m
fe °S -J

44

t f
* 10*

1 1

Chftwniij

u
om
o

!
i
o

ÎO
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CT CT CT CT CT O>
E E E E E E

t 1 1 I 1 I

(t) (TJ (Q CO (TJ (T)
777777
CT O) CT CT OJ Ol
* £ €. "£. -1 €OJ O.* Co Ol C" Cn
E E E E E E

r- co o 01 r̂  co
9 9 T 9 ° 9
LU UJ UJ LU LU UJ
co oo fl- in •- co
O fl1 CD T- -fl- O
Tt fi t̂  r̂  Ifi fi

E E E E E E

pi pi ra ra ra ra
3 3 3 3 3 5

CN •- O O fN *-o o o o o o
Ul UJ LU Ul LU LUoo CD o o co g;CN in o ui o o

pi pi ra 01 ra ra
3 3 3 3 3 3

oi «~ o g CN ••-o o o o o o
LU UJ LU UJ LU UJ
CO to O O CO fl-CN io o in o o
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Ŝ
M
CT
C
——

C ̂2 ci
!£O fl.
5cn
•K
0.

ffi

6tn
CL

tot-

i l : l l l l 1 l

i i i i : i i i ' 1

< < < < < < < <
zzzz^zzz

———————————————— j —

to S
? S 5 fi:to oj A y >^'t ^ £: S) a:

S e l l S j3|
£ S S S fl co;
— X 3 5 •=- ̂ :c a c c ffi _ J= «•
A B- S 2- "I ?Sc.^s 5- -5 .5 s s g g;=-IM >N N Nn XLK k'ra
2 c e cr c-X-S'Sffi»ffi«raj:S«,.2
CD ffl m m O O D .SiC-

Ol i ff>
9 i9, LU P p , | , , ILJ, q p , < i , ' , <tr
CN i CN
cn ; cn

1 1 1 1 1 1 1 1 : 1

S '?i £ 1 1 1 1 1 1 jy
CN | CN
cn : cn

l l l l l i l l . l

y ?:
S S i l:*D 13 d) U >v

C £ Z « 0-

III! 11
I S E 1. £ . ̂ «-•A n A ̂  o cSC.s. .5- ,r .y a s g¥̂y S f j y i i >.«£;"
£ 1 S £ S F-S |i£
CD fi CO CD O O Q i ! t-

Eo

|
n
ra
JC

CJ
O 5
S OT
5 dl

1 ̂•i l-

«
a
CD>

9 9 0 p
L U i L U i L L J i i . i . i i i . i . L j J
f M l ^ l t £ l l l < 1 1 | l l ' 1 1 O

i£) IT! r- (N

9 ? 9 9
L U ' U J i U J i , , , . ! , , , , . ^
( M 1 ^ l t O l l ' l l l 1 ' ' ' 1 t 3
CO Ol Ĉ - Lfl
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Ê
£
Soi-

999909
LJJ LJJ LLJ LJJ LJJ UJ

;^- 03 CN C"J CJl dcfi ca fi t̂ to to
Cfj CO V -- tO tD

II II II II II M

I I T X I X

« 1 1 is 1 1
* o ̂  S z ™ J;— s £ m K
o£ o |

jj

"to
E
E
E
c
E

|
s
c
r-m
S
^

1
Ev
•5
To
c
05

O

S1
S
i
<0

£

II
V

X

S
3
coc.
•ocre
S
LJ

II
V

."1

Sfl
a.c
re)
«
c
IL
ff
8.
X
01

ou.

flR302!90



m

*:_l
5
a
LiJoD
Q
O
CC
CL.
W
So
I
ot-
LLIcni.in
2 <sp
5^ >_, W Lligfcpi
5 -5 UJ

Klasi"Q 3 wS^s
K U J L t
2 01 LL.5 < >.< Z uj
u- O _J
Uj tO WIsss&Kgu. u
_J
>cr

2IDw
r-
Z
UJ
Swto
UJ
CO
cn
<
X.to
a:

_̂
01 |

3 1 5
3 iZ TJ" • 1
* R §g 5 £
ff re °
"S 3 ..E u. 0)
•S n° 5t- Q- <

1 ~ 5

S V V<A o: o;

c11
o
3a
T3
S

ra
I
^
0)

tg
CO
O
Oz

s
«ij=
CJ

og
en
ic

 R
is
k

c
PraO

s
i
6

ff
3 1o S
&a
UJ

II
5 TH5. wx s
UJ **

E

1

S! c3 (-

ll
LJJ fa

"ra

Q

.O
S
CO

c

|

tiCE
C

ifr e
9 C

Ela
K

Ex
po
su
re

Ro
ut
es
 To

la
!

0)

n
Q

ha
la
ti
on

_c

|
u
CT
C

. : . : : :

1 1 i 1 1 1 1 1 1 1 1 1 1 1 i J 1 i 1 1 1 1

I i i I I I I I I i i I I ; l l l l l l l

0)
01 C
TJ *1
'R ?•
*I

E EE| " E c E ^ S .<Mitim sli i J f U9i-§is?||sl?l«&S?|5l5S.^. 3 f 1 S 13 < c o ( 5 o o c 3 o £ ^ i 3 Z c S i - > i s l « Q u j ± c f i t -

$ s $ 3 i?l a i t i i i i i i i i t i i i i j i B i g i s
<N O <N O IO
cj ^ r*j rt CN

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 t 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 I

<e S S S S
i S i ' ' ' ' ' i i ' ' ' i i i | K K ' S ' S

fN O CN O iO
CN ^ CN CO CN

«

1!ilS 3. "
E £ E E * E E i - — " ^iliHh.iihji.Uff .fi? < Q j a j < j o o o £ " 3 z ( S i - > i q v Q u j i L n f c

S
3

3
L
LJ

\

}
s
U -
Ol =
S 2

! 11 P

•)
D
W

i 1

'o 01
W 5S o
m ^
^ 0)

« 1« 2
S &§ UJ

< 5
5 -o•8 £e ra
^ "T2 Sre S
S 2
E §3 n
° Si- g
<
K
0)
•D
_C

•En
9

1o1—

25
5E
-0
6

2.
55
E-
06

j u
rf
ac
e 
So
il
!

lu
re
 Ro
ut
es
I

VI V

« 1i "j
< 3
* .8£ cB
3 .8

f

ll 
Ri
sk
 Ac
ro
ss

*i—

AR302I9



O
LU

LLJ1—
m
3
re
LJ.

LLJ

tntnOoro
_j
O1—
LUcr
-DinO
Q.
X

MA
XI

MU
M 
E

)S
UR
E

SY
LV
AN
IA

X 2 LU

"fc *
Z Z *~
O Q ̂ '
I- Z S

£ £ uJ
p z in

tn Ul tn
>. 0 O
5 ^
X1-
CL
LU

a.
i—

LJ.
O
>-
EC

•s
D
H
Z
UJ5
C/)in
UJ

E

.̂

HI
b g 1

MI
1 s ttntc.cc:

|
a

T

O

Z

_

u

•s
IX

o

,
£o

1 _
i. s5

3 D
f?

i

|
gS

gi
s S&*UJ 0a:

F

5

c

|
t

c

fr 1If
"~

3 1-

liuj Ect.

-*

&
c

T.
—

%

S.

?•?UJ^ li

J^«

S;S+ : •*

%l

LJ U.s s

M
1

1

j
1

i'
ri
ch
lw
oM
tw
ni

TO
MI
)™
""
""
"

88
LU UJ

T *

? ?lil lil

1 1

5?
E) S
CV IM

I
fi .

i!
1 1
E§j & ±

Co
nn
a 
(I
ng
. 
a

Su
rf
ac
e 
Wa
te
r

Du
ri
ng
 S
wi
mi
n

I °
5 ftn *

I
!

5

s s* +
LU Ll

^ t^

S S
«L ils c

UJ uj
r^ - r-

J
1

1

Tr
ic
hl
or
oW
he
ne

(T
ot
al
)™

gg
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